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MATLAB4.0 

Picture the Power 



We see your 
expectations of 
visualization and 
we raise them. 


C 

JnmXmp advanced visualiza¬ 
tion with the powerful computation 
of MATLAB, and gain new insight into 
your most challenging problems. 

The MathWorks 
introduces Matlab 4.0 

Matlab 4.0 blends visualization 
techniques and numeric computa¬ 
tion into a seamless interactive envi¬ 
ronment that redefines how you can 
solve complex problems. You can 
analyze data numerically and visually, 



Three views of the surface height of a penny show 
user customizahle ohject-oriented graphics in 
MATLAB 4.0. Data courtesy of NIST. 

simulate models and see the results 
immediately, or explore ideas and 
test them interactively. 

More than meets the eye 
Matlab 4.0 provides engineers, 
scientists, and other technical pro¬ 
fessionals with an extensive library 
of built-in computational tools, com¬ 
bined with a powerftil fourth-genera¬ 
tion language. 

As a result, MATLAB offers the conve¬ 
nience of a pre-packaged application 
program and the extensibility and 
flexibility of a high-level language. 
Much easier to use than Fortran or 
C, Matlab yields tremendous gains 
in productivity and creativity—for 
over 100,000 users worldwide. 

Spectrogram of HarukTs Hallelujah Chorus, 
computed and displayed with MATLAB 4.0 and 
the Signal Processing Toolbox. 


New Feature Highlights 

With our flexible new object-orient¬ 
ed Handle Graphics™ system, you 
can customize virtually every con¬ 
ceivable attribute of your plots. 
New graphics capabilities include; 



• 3-D shaded color surface graphs 

• 3-D contour plots 

• 3-D data trajectories 

• Image display 

• Light sources 

• Surface rendering 

• Animation 
Beyond the visual 

Other new features in MaTLAB 
4.0 include: 

• Over 100 new functions 

• Sound output 

• Graphical user interface (gui) 
toolkit 

• Flexible file I/O 


• Sparse matrix support 

• Ability to call Matlab as a com¬ 
putation engine from C and 
Fortran programs 

• Enhanced on-line help 

• New, expanded documentation 

• Faster interpreter and graphics 



Frequency responses of a family of control 
systems, modeled, simulated and visualized in 
Matim 4.0. 

SmvLiNK: 

Expanding the Uses of MatlAS 

Add SlMULlNK to Matlab 4.0 and 
you can perform (tynamic system 
simulation of nonlinear models in a 
graphical, mouse-driven environment. 


The comprehensive Matlab tool¬ 
box family includes: 

• Signal Processing 

• Control System Design 

• Robust-Control Design 

• Mu-Analysis and Synthesis Design 

• System Identification 

• Neural Networks 

• Nonlinear Optimization 

• Spline Analysis 

• Chemometric Analysis 



Develop completely customized GUIs for your 
MATLAB 4.0 applications using the built-in user 
interface toolset. 


Matlab 4.0 is available now for 
most standard MATLAB platforms 
including SPARCstations, 386/486 
PCs, HP/Apollo, DECstation, 

IBM, & Silicon Graphics. Please 
call for availability on Macintosh, 
VAXWMS, & Cray. 




The 

MATH 

WORKS 

^ Inc. 


24 Prime Park Way/Natick, MA 01760 
508/653-1415 Fax:508/653-2997 
Email info@mathworks.com 


Powerful, Versatile Toolboxes 

Application toolboxes, designed 
and written in MATLAB by world- 


. ,„.v=. „v..„.jfic Software, +33-145-34-23-91 
Germany: BauscIvGall GmbH, +4M9-995-9010 
'—4 Omikron Delta,+972-3-561-5151 
l: Cybernet Systems,+81-3-39824641 
i; CSEAB,+4fr8-15-iO-22 
J: COMStit. AG, +41-31-961-70-11 
Cambridge Control,+44-223421-920 
Rapid Data Ltd,,+44903-202-819 
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L»NET 11.5 now predicts performance of LAN’s 

Free trial and, if you act now, free training 


L *NET II.5 uses simulation 
to predict your LAN perfor¬ 
mance. You simply describe your 
LAN and workload. 

Animated simulation follows im- 
mediately-no programming delays. 

Easy-to-understand results 
You get an animated picture of 
your LAN. System bottlenecks and 
changing levels of utilization are ap¬ 
parent. 

You can model clients, servers, 
bridges, and gateways. 

Your reports show system 
statistics such as utilization, transfer 
times, information throughput, and 
message loss. Client, server, and 
gateway statistics show queue 
lengths, waiting times, and block¬ 
ing. 

Computers with L*NET n.5 
L»NET II.5 is available for most 
PC’s and Workstations. 


Your local area network simulated 

You can predict the performance 
of any LAN. Industry standard 
protocols such as Ethernet, Token 
Ring, Token Bus, FDDI, lOBase-T 
are built-in. Others can be modeled. 

You can easily study the effect of 
changing parameters or even pro¬ 
tocols. 

Seeing your LAN animated in¬ 
creases everyone’s understanding of 
its operation and builds confidence 
in your results. 

Free trial information 

The free trial contains everything 
you need to try L*NET II.5™ 
on your computer. For a limited 
time we also include free training 
--no cost, no obligation. 

In the US, call Eric Chapman at 
(619) 457-9681, Fax (619) 457-1184. 
In Europe, call Joe Lenz, in The 
Netherlands, on 31 43 670780, Fax 
31 43 670200. In the UK, caU Nigel 
McNamara on 0276 671 671, Fax 
0276 670 677. In Canada, call Peter 
Holt on (613) 782-2474, Fax (613) 
782-2202. 


Free trial offer 


□ Yes, I want to learn how L-NET II.5 quickly 
answers my LAN performance questions. 
Limited offer—Act now for free training. 



City State Zip 


Telephone_Fax 


Computer_Op. Syst. 


□ Send detaiis on your University Offer. 
Return to: Mi< 

CACl Products Company 
3333 North Torrey Pines Court 
La JoUa, Caiifornia 92037 
CaU Eric Chapman at (619) 457-9681 
Fax (619) 457-1184 
In Canada: 

CACI Products Division 
200-440 Laurier Avenue West 
Ottawa, Ontario, KIR 7X6 
CaU Peter Holt on (613) 78^2474 
Fax (613) 782-2202 
In Europe: 

CACI Products Division 
MECC Business Center 
G. Martino Laan 85, 8th Fioor 
6229GS Maastricht, The Netherlands 
Tel. 31 43 670780, Fax 31 43 670200 
In the UK: 

CACI Products Division 
CoUseum Business Centre 
Watchmoor Park, Riverside Way 
Camberiey, Surrey GUIS 3YL, UK 
CaU Nigel McNamara on 0276 671 671 
Fax 0276 670 677 


L^ET II.5 h a uademark and^emce^mark of^ ^ 


























Faster design cycles with MATRIXx 


Integrated Systems continues to 
be the innovator. XmatK“h the 
first object-oriented analysis and 
visualization package with a user- 
programmable GUI. Since its 
introduction in 1985, 
SystmBuildr our graphical 
dynamic simulation package, 
has been consistendy upgraded. AutoCode™ is 
the first and only automatic code generator. 
And only Integrated Systems gives you the 
power to take your design from concept to 
implementation - with the high-performance 
AC-I00'“system, now based on the super¬ 
charged Intel i860. Version i.O, offering 
interactive graphical 

IS introduced 
n September 1992 to rave 


On-going qualify. 

Over the last twelve months 
we’ve dramatically 
improved the quality of our 
products. But that’s just the 


beginning. You can count on us to meet 
;ed your expectations, today and 
tomorrow. 



Corporate Headquarters 
3260 Jay Street, Santa Clara, CA 95054 
Tel: (408) 980-1500 Fax: (408) 980-0400 
email: info@isi.com 


Driven worldwide. 

Leading automodve manufacturers in 
U.S., Japan and Europe routinely use 
MATRIXx. Both in the lab and or 
track. We’re a standard for computer 
peripherals and process control appli¬ 
cations. And Space Station Freedom is 
currendy being designed with our 
integrated approach. 


Take us for a spin. 

Call 800-932-6284 and we’ll send you ou 
informative hand¬ 
book, “Accelerating 
Systems Design.” Or 
ask for a compre¬ 
hensive evaluation to 
see how MATRIXx 
can cost-effectively 
address your 
design needs. 

nj from months to days. 


United Kingdom Headquarters 

First Floor, Gatehouse, Fretherne Road, Welwyn Garden City 

Herts AL8 6NS, England 

Tel: 0707 331199 Fax: 0707 391108 



MATRIXx is a registered trademark andXmath, SysiemBuild, AutoCode and AC-100 are trademarks of Integrated Systems, Inc. Ducati isare^tered trademark of Cc^va 
© 1992 Integrated Systems, Inc. 
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Newslog 


MAR 9. Japan’s Vice Minister 
of International Trade and 
Industry said Japanese com¬ 
panies were to be criticized for 
not mastering critical technol¬ 
ogies like microprocessors and 
computer workstations. He said 
Japan’s economic woes were due 
to adding too much factory 
capacity and giving too little 
thought to future technologies. 

MAR 10. The Czech govern¬ 
ment said it had given the go- 
ahead for completion of the US 
$22 billion nuclear power plant 
at Temelin in southern Bohemia. 
Its completion had been strongly 
opposed by local environmental 
groups and by neighboring Aus¬ 
tria. From Westinghouse 
Corp., Ettsburgh, will come 
high-quality fuels and new con¬ 
trol systems to upgrade the plant 
to western standards. 

MAR 11. Groupe Bull SA, Paris, 
said it had licensed its patented 
IC card technology to five Japan¬ 
ese companies, including Toshi¬ 
ba, Hitachi, and Oki Electric. 
Analysts said the IC market in 
Japan is expected to grow to 1-2 
billion yen. 

MAR 16. Digital Equipment 
Corp., Maynard, Mass., an¬ 
nounced that Mitsubishi Elec¬ 
tric Corp., Tokyo, will become 
its partner in building and selling 
DEC’S Alpha AXP micropro¬ 
cessors. Under the pact, Mitsu¬ 
bishi will also have the right to 
produce and sell chips that are 
variations of the Alpha design. 
DEC wants to make Alpha an 
industry standard for chips 
based on reduced-instruction- 
set computing technology. 

MAR 17. Six computer compani¬ 
es, including IBM, Hewlett- 
Packard, and Sun Microsys¬ 
tems, announced a common 
software standard aimed at step¬ 
ping up the use of computer 
networks based on the Unix 
operating system. The common 
approach—also agreed to by 
Novell, Santa Cruz Oper¬ 
ation, and Unix System Lab¬ 
oratories—^will enable Unix 


applications to look and work 
the same on different com¬ 
puters. 

MAR 17. Intelsat said it is plan¬ 
ning to lease space on three new 
Russian satellites to be launched 
next year by Infomikosmos. 
The ^obal satellite consortium 
faces a worldwide shortage in 
satellite capacity plus competi¬ 
tion from undersea optical-fiber 
lines and new satellite rivals. The 
Russian spacecraft will provide 
telephone, voice, and data 
communications. 

MAR 23. The chief executives of 
the leading U.S. local and 
long-distance telephone com¬ 
panies—in a rare display of 
unity—said they had cdled on 
President Clinton to let pri¬ 
vate companies build and man¬ 
age most of a proposed national 
high-speed optical-fiber network. 
The group ^so called for Gov¬ 
ernment subsidies to help devel¬ 
op such a network. 

MAR 24. President FW. de 
Klerk announced that nuclear 
weapons had been developed 
and produced by South Africa 
in the late 1970s, but had been 
dismantled after he took power 
in 1989. He said all hardware and 
all design information used in 
the bombs’ construction were 
also destroyed. 

MAR 30. The U.S. Environmen¬ 
tal Protection Agency (EPA) 
said its first auction of rights to 
pollute the air had reaped $21 
million. For the 50 000 spot al¬ 
lowances the EPA offered, 106 
bids were received, 36 of which 
were successful. The EPA had 
earlier granted emissions per¬ 
mits to 110 of the largest sulphur 
dioxide polluters, mostly coal- 
burning electric utilities; the 
companies may trade any excess 
permits they hold. 

MAR 30. The United Kingdom’s 
National Grid and Ireland’s 
Electricity Supply Board said 
they will build a £300 million 
high-voltage link under the Irish 
Sea. The 600-MW cable will 


connect the Irish grid to the rest 
of Europe for the first time and 
could also provide a market for 
the UK’s coal-fired power 
stations in the late 1990s. The 
grids of Northern Ireland and 
the Irish Republic have been 
isolated since the 1970s when 
the interconnector was shut 
down after repeated attacks by 
the Irish Republican Army. 

MAR 30. AT&T Co. said it had 
won a $100 million contract from 
the Polish telephone company, 
Telekomunickacja Polska, to 
supply equipment to the nor¬ 
thern city of Gdansk. The con¬ 
tract is for 200 000 digital lines as 
well as for optical transmission 
systems, network management 
systems, and fiber cable equip¬ 
ment. 

APR 1. Intel Corp., Santa Clara, 
Calif., said it would spend $1 bil¬ 
lion to expand its semiconductor 
fabrication facility in Rio Ran¬ 
cho, N.M., adding over 
121 000 square meters and cre¬ 
ating 1000 new jobs. Work on the 
expansion will start immediately, 
with production of Intel’s new 
Pentium chip scheduled to begin 
there in 1995. 

APR 5. The New York State 
Thruway Authority, Albany, 
said that Dallas-based Amtech 
Corp.’s electronic E-Z Pass toll- 
collection system will be the first 
to be installed on the Governor 
Thomas E. Dewey 'Thruway 
outside New York City and 
Buffalo. E-Z Pass, which began 
testing in January, is to be part 
of a $150 inillion toll system that 
will allow New York, New Jersey, 
and Pennsylvania drivers to pass 
through toll stations without 
stopping. 

APR 2. New Valley Corp., the 
former Western Union Corp., 
said that it had filed for pro¬ 
tection under Chapter 11 of the 
U.S. Bankruptcy Code after it 
had been unable to reach an 
agreement with its debtholders. 
The company said it had total lia¬ 
bilities of $800 million and total 
assets of about $150 million. 


APR 2. Westinghouse Electric 
Co., Pittsburgh, said it had 
signed a contract with Ad¬ 
vanced Reactor Corp., a U.S. 
utility consortium, to invest $158 
million over five years in 
developing a safer, standardized 
design for a 600-MW pres- 
surized-water reactor meant for 
nuclear power plants. Also par¬ 
ticipating are the U.S. Depart¬ 
ment of Energy, several U.S. 
nuclear contractors, five U.S. 
and Canadian universities, and 
utilities and agencies in Japan, 
Spain, Italy, and Indonesia. 

APR 5. South Korea’s Daewoo 
Group said it would invest $1 
billion in a joint venture with 
Tatarstan’s Yelabuga motor 
factory for a car plant and fac¬ 
tories to assemble South Korean 
video and audio equipment. 'The 
equipment would be sold in 
Tatarstan, an autonomous re¬ 
public within Russia, and else¬ 
where in the Commonwealth of 
Independent States. 

APR 5. President Fidel Ramos 
of the Philippines said he had 
signed a bill giving him emer¬ 
gency powers to deal with the 
many electric power short¬ 
ages—some lasting 6 to 8 hours 
daily—that have disrupted the 
country’s economy. 'The new law 
allows the president to negotiate 
contracts for building new plants, 
instead of going through the 
legal bidding process. The move 
is expected to spur a 1600-MW 
expansion of the Luzon grid, 
which services Manila and near¬ 
by industrial centers. 

Preview: 

MAY 1. By this date, Wang 
Laboratories Inc., Lowell, 
Mass., plans to eliminate more 
than one-third of its remaining 
workforce, a cut of 3300 jobs— 
most from manufacturing and 
corporate staffs. The cut is part 
of Wang’s plan to reorganize as a 
software and services company 
so it can emerge from Chapter 
11 bankruptcy protection, which 
it filed last August. 


COORDINATOR: Sally Cahur 
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SPECIAL REPORT 


20 Epidemiology of 
computer viruses 

By JEFFREY 0. KEPHART, STEVE 
R. WHITE, and DAVID M. CHESS 
Researchers have formed a macro view 
of computer viruses through computer 
simulations [right] and collection of 
statistics. Not only are the results of this 
emerging field helping researchers 
understand how prevalent the viruses are, 
but they are also showing companies 
steps they should take to enhance 
immunity. 



FOCUS REPORT 


ENGINEERING 
WORKSTATIONS 
AND PCs 


37 Introduction 
40 Engineers and PCs 

By RICHARD COMERFORD 
A reader survey finds engineers are 
heavy users of PCs for business as well 
as engineering applications. A table of new 
offerings follows. 



50 Workstation metrics 

By JOSHUA MOGAL 

The right measurement tool can gauge how 
a workstation really performs, and a table 
reveals benchmark tales. 

60 X, as in expediency 

By RICHARD COMERFORD 
X terminals can stretch a company's capital 
budget without sacrificing performance or 
graphics quality. 

64 Of workstations & 
supercomputers 

ByMARKFURTNEYand 
GEORGE TAYLOR 
More and more, the role of the 
supercomputer seems to be as a 
“compute server" for workstations. 

69 New peripherals 

By JOHN KING 

As PCs and workstations converge, makers 
of PC add-ons are starting to 
eye the workstation market. 


















ADVANCED TECHNOLOGY 


28 Blue solid-state 
lasers 

By ROBERT L. GUNSHOR, ARTO V. 
NURMIKKO, and NOBUO OTSUKA 
A string ot breakthroughs is at last letting 
researchers build electro-optical devices 
based on ll-VI semiconductors, including 
this light-emitting diode built by a team 
from Brown and Purdue universities. 



80 Richard W. 
Hamming 

ByTEKLAS. PERRY 

Early error-correcting codes and a digital 
filter made this former Bell Telephone 
Laboratories scientist famous; now 
Richard W. Hamming, shown here in his 
“lecture jacket,” teaches at the Naval 
Postgraduate School in Monterey, Calif. 
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6 Forum 
11 Books 

14 Calendar 

15 Program notes 
19 Reflections 

83 Faults & failures 
85 EEs’tools & toys 
87 Reader guide 
89 The engineer at large 
96 Scanning THE INSTITUTE 
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Cover: The spread of computer viruses is impeded 
by the localized nature of software exchange and word- 
of-mouth warnings, as shown in this simulation from 
IBM Corp.’s Thomas J. Watson Research Center. The 
lines represent diskette exchanges between computers 
portrayed as yellow dots if normal, orange if infected, and 
green if recentiy cured; neighbors ot green dots have 
been issued warnings. See p. 20. 
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Forum 


Right, wrong, legal? 

Having read “It’s the law, but is it ethical?” by 
Donald Christiansen [September, p. 25], I 
note that instances of breaching ethical 
boundaries abound in engineering history. 
Edwin Armstrong defended his patent for 
the superheterodyne receiver in the court¬ 
room and lost to RCA Corp. He went from 
that venue the very next day to the IRE 
[Institute of Radio Engineers] national con¬ 
vention, where he was hailed and honored for 
that landmark innovation. 

Bell Telephone obtained a patent for an 
oscillator with two tank circuits. Engineers 
at Bell Laboratories said frankly among 
themselves that this patent was only a ploy 
to free Ma Bell from restrictions on the 
basic patented circuits and that the equiva¬ 
lent circuits were identical. 

Leo Gross 

New York Cify 

I have read and re-read ‘It’s the law, but is it 
ethical?” several times, but I still cannot 
determine precisely what “it” is. I can only 
guess that Christiansen’s “it” is found in the 
last sentence of his article: “Ethics are often 
not clear-cut, but falsification for economic 
gain [emphasis added], however rationalized, 
is not in Ae gray area.” 

The only problem is, even among lawyers, 
“falsification for economic gain” is not and 
never has been the law. 

Christiansen appears to blame lawyers 
for most of the ethical problems of the engi¬ 
neering profession (for example, “Unfor¬ 
tunately, many engineers seem to assume 
the coloration of their environments, and 
easily adapt to the corporate lawyers’ cul¬ 
ture ... .Of course, the lawyers are not 
totally to blame.”), but he fails to note that 
lawyers in every state, unlike most engi¬ 
neers, are governed by a code of ethics hav¬ 
ing the force of law. Knowingly assisting in 
the perpetration of a fraud, falsification of 
evidence, and suborning perjury, as well as 
being crimes themselves, are among the 
things that can bring about severe disciplin¬ 
ary action. This can include being barred 
from the practice of law for the remainder 
of one’s life. 

Moreover, as a patent attorney who has 
been an IEEE member since the late 1970s 
and as one who, prior to becoming an attor¬ 
ney, had over 10 years of engineering work 
experience, I find the potential ramifications 
of Christiansen’s article quite alarming. 
Engineers should certainly not assume that 
legal ethics permit “falsification for econom¬ 
ic gain,” irrespective of what they may read 
in IEEE Spectrum. I do not relish the 


thought of clients, particularly fellow IEEE 
members, who make such assumptions 
about my practice. I know of no colleagues 
who would like to have such engineers as 
clients, either, since this type of client may 
needlessly force an attorney into very 
unpleasant ethical dilemmas. 

Of somewhat less significance, but still 
troubling, is Christiansen’s uncritical accep¬ 
tance of the assertion that the United States 
leads all nations in lawyers per “square cen¬ 
timeter,” a variation of a bromide often 
repeated by those who stand to gain eco¬ 
nomically or politically by such acceptance. 
Typically, only licensed attorneys (or, for 
some countries, only one of several classes 
of licensed attorneys) are counted in inter¬ 
national comparative studies. 

Counting attorneys this way is as mislead¬ 
ing as using the number of professional 
engineering licenses as an estimate of the 
total number of engineers in the United 
States, since most countries license only a 
fraction (sometimes zero) of those who pro¬ 
vide legal advice or services comparable to 
U.S. attorneys. 

A more realistic comparison based on 
number of law degrees reveals that the 
United States actually ranks 35th in the 
world in number of law providers per 10 000 
population—behind both Japan and 
Germany. The [territory] with the most 
lawyers per square centimeter is Vatican 
City, where more than one-third of all the 
“official” residents are lawyers (see “The 
Mythical Kingdom of Lawyers,” ABA 
Journal, September 1992). 

Alan L. Cassel 

New Providence, N.J. 


Energy in, energy out 

I found the article “Kilowatts on order” [Feb¬ 
ruary, pp. 32-37] interesting and informative. 
However, it seemed to gloss over several 
crucial aspects of PWM [pulse-width modula¬ 
tion] amplifier operation. 

For example, the sidebar on p. 34 states, 
“During the on period, the entire DC supply 
voltage ... is applied to the load.” Of course, 
this cannot be true, or else the output volt¬ 
age would equal the supply voltage. In order 
for the output voltage to differ from the sup¬ 
ply voltage, they must be separated by a 
component that generates a voltage drop. In 
fact, the supply voltage is applied to the out¬ 
put filter, and the inductor generates the 
necessary voltage drop. 

On this analysis, we see that a PWM 
amplifier must hold off from the load what¬ 


ever voltage it does not deliver, just as a lin¬ 
ear amplifier must. The reason that the 
PWM amplifier is more efficient is that it 
does this with a component that stores 
energy (an inductor) rather than a compo¬ 
nent that dissipates energy (a transistor). 
The stored energy is later delivered to the 
load, or returned to the supply rails. 

Of course, all this is implicit in the state¬ 
ment, “Output filtering attenuates harmon¬ 
ics of the switching frequency ... .” 
However, those accustomed to thinking of 
filters as signal-conditioning devices may not 
appreciate the full significance of the output 
filter in managing the flow of energy and 
current between the supply and the load. 

Steven McDougall 

Littleton, Mass. 


More on multimetlia 

I was dismayed by the incomplete discussion 
of interactive media in the March issue [pp. 
22-39]. 'The authors did not report on one of 
the most popular multimedia personal com¬ 
puter platforms in the world—^the Com¬ 
modore Amiga, which offers a wide range of 
powerful tools for creative and effective mul¬ 
timedia production. 

At its introduction in 1985, the Amiga 
offered a multitasking operating system, 
broadcast-quality video graphics capability, 
and four-channel stereo sound. At the time, 
the Macintosh and PC compatibles offered 
only single-tasking operating systems with 
monochrome graphics and sound systems 
capable of little more than beeps and clicks. 
Today, Commodore offers a wide variety of 
Amiga computers from very inexpensive 
home machines to computers of almost 
workstation power. John Adam suggests 
that a full-featured multimedia PC would 
cost around US $27(X). A similarly featured 
Amiga system would cost less and quite 
probably outperform such a system. 

James E. Cook 

Aloha, Ore. 


Fax: arums in the dark 

After seeing the article “Facsimile’s false 
starts” [February, p. 44-49], I thought read¬ 
ers might be interested in yet another false 
start—this one by the well-known scientist 
V. K. Zworykin. 

It happened about 1928 when Zworykin 
was working in the Research Laboratories 
of Westinghouse in East Pittsburgh, Pa. He 
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Does it go bump in the night? 


Is it stable? Can you con¬ 
trol it? And, what happens 
when you turn it on? 

If you design electrical, 
hydromechanical, chemical, 
and/or digital control sys¬ 
tems, these are the kinds of 
questions you probably have. 

You want to know how 
the system behaves, and if it 
can be controlled. But you 
can’t afford to spend a lot of 
time and money in the process. 

With EASY5x®, you’ll get the answers you want. And 
you’ll get them cost-effectively. 

Proven software. 

Developed, tested, and refined at Boeing, EASY5x has 
been used to model, simulate, and analyze complex and 
highly non-linear systems. Especially those containing 
microprocessor-based controllers. 

And today, engineers worldwide are using EASYSx in a 
variety of industries. For example, EASY5x helps build the 
cars you drive, the airplanes you fly, and the power plants 
you depend on. 

Unparalleled system modeling. 

With EASY5x, modeling difficult system dynamics can 
be a routine exercise. 

That’s because EASY5x comes with hundreds of mod¬ 
eling blocks. Including discontinuous elements like friction, 
hysteresis, and hard limits. 

Our libraries are also full of physical elements such as 
hydraulics, heat exchangers, and freon components. 


You can even create 
your own modeling blocks 
and share them freely. EASY5x 
helps by maintaining tight 
configuration control for you. 
Efficient analyses. 

EASY5x provides simula¬ 
tion performance up to 100 
times faster than other soft¬ 
ware on the market. 

Even our control system 
analysis tools will save you 
time, particularly when you 
analyze multi-rate sampled-data systems. 

And if you need world-class solutions to real-time sim¬ 
ulation problems, EASY5x software now interfaces with 
hardware supplied by Applied Dynamics International. 

Call for a free trial. 

EASY5x is sophisticated enough to be simple to use. 

It’s supported by a highly trained technical staff. And the 
software is mature enough to provide answers to really 
tough dynamics problems accurately and quickly. 

You can get started with EASY5x on your Sun, 
Hewlett-Packard, Digital, Silicon Graphics, or IBM RS6000’“ 
UNIX* workstation for $8,900. (U.S. and Canadian universi¬ 
ties may join our University Program at no cost.) 

All things considered, EASY5x is the best value on the 
market. And we’d like to prove it to you. 

Call for a free, 30-day trial. Phone 1-800-426-1443 or FAX 
206-865-2966. Or write to Boeing, P.O. Box 24346, M/S 
7L-46, Seattle, WA 98124-0346, USA. 
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wrapped the page to be sent on a drum that 
was about the size of the wax cylinders used 
on those old dictating machines, Dictaphone 
or Ediphone. A photoelectric head scanned 
the rotating dnim as the drum was being 
moved along the axis of the cylinder. 

On the receiving set, a sheet of photo¬ 
graphic printing paper was wrapped about a 
similar drum. A modulated neon light was 
focused on the receiving drum. As the drum 
rotated while being moved transversely with 
the dictaphone lead screw, the picture was 
painted on the sensitized paper. Of course, 
both drums rotated in darkness, especially 
the receiving drum. 

My part in this venture vras developing 
the special drive systems that rotated both 
sending and receiving drums at the same 
speed. Zworykin did not want to use ac syn¬ 
chronous motors because he wanted to be 
able to use his system independently of 
commercial ac power. 

Around 1928, Zworykin described this 
system to the Pittsburgh AIEE [American 
Institute of Electrical Engineers] Section. At 
this meeting, I assisted him by transmitting 
a portrait photograph across the stage with 
his machines. 

Not long afterward, Zworykin left 
Westinghouse to go to RCA. So far as I 
know, no real attempt was ever made to 
exploit this system commercially. 

Cyril J Veinott 
^rasota, Fla. 


Ro/I on, electric vehicles 

One important technology that was not cov¬ 
ered in your special report, “Electric vehicles: 
architecting the system” [November, pp. 
18-24, 93-101], was fuel cells. In addition to 
high kilowatt-per-pound ratio, simplicity of 
operation, zero emission reaction (the 
byproduct is water), and long life, fuel cells 
provide a key advantage over dry cell batter¬ 
ies in that they are not recharged in the con¬ 
ventional manner. 

When the fuel cell in an electric vehicle is 
depleted, you do not plug it into the nearest 
outlet and wait for a few hours as you would 
with a conventional battery. Instead, you 
drive up to the nearest hychrogen “service 
station” and pump more compressed hydro¬ 
gen fuel into your on-board storage tank, an 
operation measured in minutes and analo¬ 
gous to our current system implementation. 
Our existing infrastructure of pipelines and 
service stations could be modifi^ to trans¬ 
port and store hydrogen fuel so that the 
driving habits of the future would be very 
similar to the driving habits of today. 

There are problems associated with this 
approach, not the least of which is safe and 
reliable storage of hydrogen fuel; however. 


fuel cells offer some intriguing features for 
which they deserve serious consideration in 
these initial stages of system design. For 
more information about the latest fuel cell 
applications, refer to John Hirschenhofer’s 
article, “Latest program in fuel cell technol¬ 
ogy,” IEEE AES Systems Magazine, 
November 1992. 

Reinhardt Schomstaedt 
Trenton, NJ 

One aspect of the possible use of flywheels as 
storage devices was not brought out in the 
sidebar on p. 100. Flywheels that can store 
large amounts of energy are also potent 
gyroscopes. 

This effect must be taken into account in 
the design of any flywheel that is subject to 
rotation of its spin axis. For such “batteries,” 
they will at a minimum probably have to be 
constructed and used in pairs, with counter¬ 
rotating wheels. This can cancel the angular 
momentum about one axis, but additional 
wheel pairs at 90 degrees may also be need¬ 
ed. All is not lost, however, because with 
proper orientation the precessional forces 
can be used to produce a vehicle that is 
more stable on turns and also to increase 
the forces on specific wheels. 

About 1970,1 studied possible flywheel 
applications at Norden Division of United 
Technologies. They could have uses in pro¬ 
viding temporary power (such as portable 
X-ray machines), emergency services (such 
as hoists on helicopters), and even electric 
utilities energy storage. It is possible to 
store as much energy (per mass) as some 
explosives. This fact will undoubtedly result 
in government regulations. 

I concluded that this could limit the fly¬ 
wheels in cars to the point that they were 
not economical competitors of chemical 
storage. In the 1970s there was little cause 
to expect a favorable government environ¬ 
ment for flywheels in cars. It may be better 
now or in the future. 

Frank S. Preston 
Williamsburg, Va. 


Implications of regulations 

In arguing for regulation of encryption 
[“Wiretapping and cryptography,” March, pp. 
16-17], E)orothy E. Denning writes that while 
criminals could surely build illegal encryption 
devices,"... the amount of work required to 
acquire and use them may deter their use.” It 
seems to me that while such deterrence is 
effective against the small-time crook, it 
rewards organized criminals with larger 
R&D budgets. Is this desirable? 

John W. Dooley 
Millersville, Pa. 

I must take exception to Denning’s view that 
a contract exists that limits our rights to pri¬ 


vacy. I will agree that U.S. laws reflect a limi¬ 
tation on our rights to privacy, but I do not 
agree that it constitutes a “social contract” 
whatever that is. Contracts exist onfy 
between people, not social institutions. And 
these contracts constitute a specific agree¬ 
ment by both or all parties to the contract. 
Most laws get passed without the specific 
agreement of all parties (that is, the gov¬ 
erned). 

The closest thing to a social contract that 
most citizens of the United States would 
probably agree to is the U.S. Constitution 
and the Bill of Rights. This country’s 
founders had a healthy respect for the cor¬ 
ruption ensuing when governments are 
given too much power over their citizens. 

The right to privacy guaranteed in the 
Constitution was specifically directed toward 
limiting the government’s intrusion into 
individual affairs. Our government has 
already passed too many laws violating our 
constitutional rights in favor of granting 
some groups special rights. To claim this 
constitutes a social contract is misleading. 
All it means is that our constitutional safe¬ 
guards are being eroded. 

Leo K. Anderson Jr. 

Colorado Springs, Cob. 


Credit where it’s due 

The April issue cover story on how engineers 
see themselves, their jobs, and the rapidly 
evolving environment in which they work, 
was based on a Spectrum subscriber direct- 
mail survey conducted by Erdos & Mor- 
gan/MPG, an international research organi¬ 
zation, and jointly sponsored by Spectrum 
and the IEEE United States Activities Board 
(USAB). 


Corrections 

The following names were inadvertently 
omitted from the April 1993 masthead: 
Senior Technical Editor: Gadi Kaplan; Corre¬ 
spondents: Fred Guterl, Roger Milne, Brad¬ 
ford Smith, John Blau, Robert IngersoU, John 
Mason, Stuart M. Dambrot, Roger Schref- 
fler, Kim Nak-Hieon, Chris Brown, Peter 
Gwynne, Tony Healy, Christopher Trump, 
and Axel de Tristan. 


Readers are invited to comment in this department 
on material previously published in IEEE Spectrum, 
on the policies and operations of the IEEE, and on 
technical, economic, or social matters of interest to 
the electrical and electronics engineering profes¬ 
sion. Short, concise letters are preferred. The Edi¬ 
tor reserves the right to limit debate. Contact: 
Forum, IEEE Spectrum, 345 E. 47th St., New York, 
N.Y. 10017-2394, U.S.A.; fax, 212-705-7453. The 
Compmail address is ieeespectrum. The computer 
bulletin board number is 212-705-7308 and the 
password is SPECTRUM; for more information, 
call 212-705-7305 and ask for the Author's Guide. 


IEEE SPECTRUIM MAY] 














ptional memorizers 
mmers. Gates had 
at the time as a sub- 
is at Harvard when I 

ssipy outsider’s view 
th company. It is a 
cal account. I found 
querque eras espe- 
realing. 

er, Paul Allen, were 
eneurs that venture 
a. Nor would such a 
company, anyway, 
lists probably would 
re tto helped it. 
siness tycoon with a 
[ technology. Gates 
and energy to make 
capable of making a 
iping out of Harvard, 
?• 

for Microsoft came 
)k its biggest risks, 
aecause of his mas- 
3gy and the business 
ft. A manager who 
nderstanding of the 
s manager, in other 
aken the risk of sell- 
perating system,” or 
■■t of Windows when 
mpany in the world 
promote another of 
rusting to a young- 
dve, brilhant one— 
; Japanese market, 
rd-driving leader, he 
t. But such a charac- 
I think. He has vmt- 
software personally. 
. every line of code 
llion-dollar enter- 
true of chief execu- 
nies earning a thou- 
revenues. Further- 
! time reading code, 
a user of his prod- 
3 on the diskettes as 
1 imderstanding and 
lat understanding, 
lat frightens many 

lot of time walking 
Wal-Mart stores he 
Dw they could be 
mderstood cars and 

es. He also under- 
3 workers too little, 
0 afford his automo- 
5w how to sell IBM 
raged this ability in 


creating a start-up company financed by 
advance sales. John D. Rockefeller parlayed 
profits from a grain commission house into 
the oil business. He realized the need for 
more centralized control over the complete 
life cycle of oil, from exploration to produc¬ 
tion to distribution. 

Gates has combined Walton’s hands-on 
approach with Ford’s understanding of the 
business, Perot’s salesmanship, and Rocke¬ 
feller’s need for control. A modest family tie 
to the president of IBM may not have been 
irrelevant in the beginning, either. 

What did I learn from this book? Many 
details about Microsoft’s early years and a 
few about the events of the last seven. I 
learned a lot more about chairman Bill and 
the culture of Microsoft. Given Gates’s cur¬ 
rent and future influence on microcomputer 
software (let’s face it: most of his profes¬ 
sional career is still ahead of him), nobody in 
the industry can operate effectively without 
a solid understanding of Microsoft and 
Gates. This book would be an excellent 
start. 

While reading it, I began to wonder, how 
can Microsoft continue growing and pros¬ 
pering, given its culture of “personal hard 
drive”? Could that feature become yet 
another bug? 

Entrepreneurs will work for years to get 
the big payoff. But the employees of a bil- 
lion-doUar company seem to have a really 
difficult time maintaining that start-up 
tempo. Microsoft personnel attitudes seem 
unsustainable. Even 22(X) millionaires oper¬ 
ating in positions of influence may not be 
enough. But then, Andrew Carnegie, Henry 
Ford, and John D. Rockefeller had to face 
exactly the same challenge. 

Somehow, one senses that Gates is up to 
the challenge. After all, to paraphrase a 
well-known slogan, he made his money the 
old-fashioned vray. He earned it. 

Tom Love is president of OrgWare inc., a Roxbury, 
Conn., management consutting and training firm 
speciaiizing in object-oriented software. He is the 
author of Object Lessons: Lessons Learned in 
Commercial Object-Oriented Development Pro¬ 
jects, to be reieased this month by SIGS Books in 
New York. 

At the door of life 

Lawrence Hunter 

Innovations in computer science have often 
been driven by the offbeat ideas of fringe 
visionaries like Marvin Minsky, John von 
Neumann, and Alan Turing. Today, a colorful 
new group of researchers claims to have 
found revolutionary approaches to comput¬ 
ing, built on analogy to the structure and 
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wrapped the page to be sent on a drum that 
was about the size of the wax cylinders used 
on those old dictating machines, Dictaphone 
or Ediphone. A photoelectric head scanned 
the rotating drum as the drum was being 
moved along the axis of the cylinder. 

On the receiving set, a sheet of photo¬ 
graphic printing paper was wrapped about a 
similar drum. A modulated neon light was 
focused on the receiving drum. As the drum 
rotated while being moved transversely with 
the dictaphone lead screw, the picture was 
painted on the sensitized paper. Of course, 
both drums rotated in darkness, especially 
the receiving drum. 

My part in this venture was developing 
the special drive systems that rotated both 
sending and receiving drums at the same 
speed. Zworykin did not want to use ac syn¬ 
chronous motors because he wanted to be 
able to use his system independently of 
commercial ac power. 

Around 1928, Zworykin described this 
system to the Pittsburgh AEE [American 
Institute of Electrical Engineers] Section. At 
this meeting, I assisted him by transmitting 
a portrait photograph across the stage with 
his machines. 

Not long afterward, Zworykin left 
Westinghouse to go to RCA. So far as I 
know, no real attempt was ever made to 
exploit this system commercially. 

Cyril J. Veinott 
Sarasota, Fla. 


Roli on, electric vehicles 

One important technology that was not cov¬ 
ered in your special report, “Electric vehicles: 
architecting the system” [November, pp. 
18-24, 93-101], was fuel cells. In addition to 
high kilowatt-per-pound ratio, simplicity of 
operation, zero emission reaction (the 
byproduct is water), and long life, fuel cells 
provide a key advantage over dry cell batter¬ 
ies in that they are not recharged in the con¬ 
ventional manner. 

When the fuel cell in an electric vehicle is 
depleted, you do not plug it into the nearest 
outlet and wait for a few hours as you would 
with a conventional battery. Instead, you 
drive up to the nearest hydrogen “service 
station” and pump more compressed hydro¬ 
gen fuel into your on-board storage tank, an 
operation measured in minutes and analo¬ 
gous to our current system implementation. 
Our existing infrastructure of pipelines and 
service stations could be modifi^ to trans¬ 
port and store hydrogen fuel so that the 
driving habits of the future would be very 
similar to the driving habits of today. 

There are problems associated with this 
approach, not the least of which is safe and 
reliable storage of hydrogen fuel; however. 
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He's a tycoon, not a tyrant 

Tom Love 


Ham Drive: BUI 
Gates ami the 
Making of 
Microsoft. 

Wallace, James, and 
Erickson, Jim, John 
Wiley & Sons, New 
York, 1992,426pp., 
US$22.95. 


I lived across the street from Microsoft’s cur¬ 
rent office complex when it was a forest. I 
shared an office with the systems guy behind 
CP/M. And I have been a student and partic¬ 
ipant in the software industry for 20 years. So 
I wanted to read this hook. In fact, I read it in 
two sittings. 

Fortunes are made when fundamental 
industries are created or radically improved. 
Some examples: Andrew Carnegie (steel), 
John D. Rockefeller (oil), Henry Ford (auto¬ 
mobiles), J. P. Morgan (investment banking), 
Eleuthere Irenee du Pont (chemicals), 
Leland Stanford (railroads), Sam Walton 
(discount stores), H. Ross Perot (system 
integration), and, last but not least, William 
Gates (microcomputer software). 

Notice that computers are not on the list. 
Major fortunes are made when personally 
financed companies are created in new, 
basic industries. Leland Stanford was unique 
in that he managed to get public financing 
for a large expansion of the existing rail¬ 
roads industry, while also retaining a major 
personal stake in what was created. 

Bill Gates got on this list at a much earli¬ 
er age than anyone else in history. But 
Gates shares the determination, the dedica¬ 
tion, and the ruthlessness of everyone else 
listed. These, much more than proper edu¬ 
cation and social graces, are the attributes 
of fortune makers. 

Gates is also distinctive in raw intellect, 
which is perhaps fitting for someone who 
built his empire in an information industry. 
He was a whiz in school—^when he applied 
himself. He consumes information at a 
prodigious rate and retains far more than 
most of his competitors. He also keeps his 
information engine running longer each 
week than anyone else in the industry. 

Hard Drive tells the fascinating story of 
the early days of Microsoft with surprising 
accuracy. Since the authors are reporters, 
not participants in the story itself, I expect¬ 
ed far more errors. I found just two minor 
ones, only because I was at the University of 
Washington in the early 1970s, studying the 



characteristics of exceptional memorizers 
and computer programmers. Gates had 
been mentioned to me at the time as a sub¬ 
ject for study, but he was at Harvard when I 
needed him. 

The hook is not a gossipy outsider’s view 
of a phenomenal growth company. It is a 
well-researched historical account. I foimd 
the Lakeside and Albuquerque eras espe¬ 
cially interesting and revealing. 

Gates and his partner, Paul Allen, were 
not the type of entrepreneurs that venture 
capitalists like to bet on. Nor would such a 
bet have helped the company, anyway. 
Indeed, venture capitalists probably would 
have hurt Microsoft more thm helped it. 

The epitome of a business tycoon with a 
deep understanding of technology. Gates 
also has the dedication and energy to make 
big things happen. He is capable of making a 
tough decision, like dropping out of Harvard, 
or challenging IBM Cbrp. 

The largest victories for Microsoft came 
when the company took its biggest risks, 
which Gates could do because of his mas¬ 
tery of both the technology and the business 
objectives of Microsoft. A manager who 
lacked a fundamental understanding of the 
business (a content-free manager, in other 
words) would not have taken the risk of sell¬ 
ing IBM a “purchased operating system,” or 
continuing development of Windows when 
the largest computer company in the world 
wanted to endorse and promote another of 
his products, or of entrusting to a young¬ 
ster—even an aggressive, brilliant one— 
the job of opening up the Japanese market. 

Because Gates is a hard-iiving leader, he 
may often seem a tyrant. But such a charac¬ 
terization is inaccurate, I think. He has writ¬ 
ten a lot of computer software personally. 
He knows how to read every line of code 
written in his multibillion-dollar enter¬ 
prise—^which is rarely true of chief execu¬ 
tives of software companies earning a thou¬ 
sandth of Microsoft’s revenues. Further¬ 
more, Gates still spends time reading code. 
He is not content to be a user of his prod¬ 
ucts; he cares what goes on the diskettes as 
well. Power comes from understanding and 
an ability to act on that understanding. 
Gates has both, and that frightens many 
competitors. 

Sam Walton spent a lot of time walking 
around the thousands of Wal-Mart stores he 
owned to find out how they could be 
improved. Henry Ford understood cars and 
especially assembly lines. He also under¬ 
stood that if he paid his workers too little, 
they would not be able to afford his automo¬ 
biles. H. Ross Perot knew how to sell IBM 
computers and he leveraged this ability in 


creating a start-up company financed by 
advance sales. John D. Rockrfeller parlayed 
profits from a grain commission house into 
the oU business. He realized ±e need for 
more centralized control over the complete 
life cycle of oil, from exploration to produc¬ 
tion to distribution. 

Gates has combined Walton’s hands-on 
approach with Ford’s understanding of the 
business, Perot’s salesmanship, and Rocke¬ 
feller’s need for control. A modest family tie 
to the president of IBM may not have teen 
irrelevant in the beginning, either. 

What did I learn from this book? Many 
details about Microsoft’s early years and a 
few about the events of the last seven. I 
learned a lot more about chairman Bill and 
the culture of Microsoft. Given Gates’s cur¬ 
rent and future influence on microcomputer 
software (let’s face it: most of his profes¬ 
sional career is still ahead of him), nobody in 
the industry can operate effectively without 
a solid understanding of Microsoft and 
Gates. This book would be an excellent 
start. 

While reading it, I began to wonder, how 
can Microsoft continue growing and pros¬ 
pering, given its culture of “personal hard 
drive”? Could that feature become yet 
another bug? 

Entrepreneurs will work for years to get 
the big payoff. But the employees of a bil- 
lion-dollar company seem to have a really 
difficult time maintaining that start-up 
tempo. Microsoft persoimel attitudes seem 
unsustainable. Even 22(X) millionaires oper¬ 
ating in positions of influence may not be 
enough. But then, Andrew Carnegie, Henry 
Ford, and John D. Rockefeller had to face 
exactly the same challenge. 

Somehow, one senses that Gates is up to 
the challenge. After all, to paraphrase a 
well-known slogan, he made his money the 
old-fashioned way. He earned it. 

Tom Love is president of OrgWare inc., a Roxbury, 
Conn., management consuiting and training firm 
specializing in object-oriented software. He is the 
author of Object Lessons: Lessons Learned in 
Commercial Object-Oriented Development Pro¬ 
jects, to be released this month by SIGS Books in 
New York. 

At the door Of life 

Lawrence Hunter 

Innovations in computer science have often 
been driven by the offbeat ideas of fringe 
visionaries like Marvin Minsky, John von 
Neumann, and Alan Turing. Today, a colorful 
new group of researchers claims to have 
found revolutionary approaches to comput¬ 
ing, built on analogy to the structure and 
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function of living systems. The work, called 
artificial life by its creators, seems ready to 
emerge from a long history of furtive, garage 
science into the light of legitimate academic 
pursuit, if not yet into the heat of industrial 
application. 

The people and the technology are ably 
chronicled in this book. Levy’s attraction to 
the combination of radical thought and high 
technology (his first book \vas Hackers, 
about the computer demimonde) and his 



fundamentally humanist but technically 
careful approach has produced a masterful 
introduction to artificial life, one that cap¬ 
tures many of its most striking aspects, both 
human and technological. 

Artificial life encompasses a variety of 
research directions, including self-replicat- 
ing cellular automata, environments wrhere 
programs evolve through competition for 
memory locations and central processor 
cycles, pattern grammars that generate 
structures with startling likenesses to the 
intricate branching and flowering of plants, 
and even miniature autonomous robots. All 
these ideas have met with resistance from 
the traditional computer science community 
as impractical, insignificant, or boimd to fail. 
Bit by bit, however, this resistance is being 
overcome. 

For more than 25 years, in the face of 
indifference or even hostility from his fellow 
computer scientists, John Holland of the 
University of Michigan has been pursuing 
his vision of how programs can be evolved, 
rather than designed. Over the last few 
years the approach, termed genetic algo¬ 
rithms, has been recognized as an effective 
method for optimizing many-parameter sys¬ 
tems and other computationally difficult 
tasks. A large group at the U.S. Naval 
Research Laboratory applies the algorithms 
to problems in tracking targets (and evading 
pursuers), and industrial applications in 
manufacturing and control of complex sys¬ 
tems are starting to come on-line. 

Early practical applications like these 
have opened at least a few eyes. Before the 
first artificial life conference in 1989, one 
scientist asked a Nobel Prize-winning col¬ 
league if he should attend, and was told: 
‘This is the sort of conference you might go 
to, but never tell a soul you were there.” 

It has not taken long for that attitude to 


change. Due in large part to the efforts of 
Chris Langton in organizing conferences 
and publishing books, artificial-life research 
is receiving more positive recognition; of 
late, articles have appeared in top journals 
and newspapers. The media attention is due 
primarily to the interesting ideas and the 
eye-catching demonstrations, but Levy’s 
brok has also been influential. 

Artificial-life work is gaining scientific 
respectability, too. The National Institutes of 
Hedth, Bethesda, Md., has bestowed a grant 
on Gerald Joyce, a researcher at the Scripps 
Institute in Sm Diego, (Dalif, to use a methodo¬ 
logical cross between artificial life and bio¬ 
chemistry to evolve ribonucleic acid (RNA) 
enzymes that attack the acquired immuno¬ 
deficiency syndrome (AIDS) virus. 

Joyce is a champion of the serious scien¬ 
tific application of this work. In his role as an 
advisor to the National Aeronautics and 
Space Administration (NASA), he has made 
a point of legitimizing the funding the 
agency might devote to that area in the 
future. He felt that researchers who dared 
to label their work as artificial life should not 
have to subsume it under fields less liable to 
cheap gibes. “I made that argument with 
NASA scientists, and they’ve bought it,” he 
said. “That’s now an explicit part of the 
goals of the program—^to make life. What¬ 
ever the substrate may be.” 

Perhaps more compelling than a few suc¬ 
cessful rnilitary or industrial applications are 
the fundamental questions of life itself. 
Biologists are often suspicious of theoretical 
models that cannot be tested in the labora¬ 
tory. Nevertheless, some of the artificial-life 
models are so lifelike that the biological 
community has taken notice. 

The claims of the artificial-life community 
go even further. By vmting programs that 
reproduce themselves, evolve, and adapt to 
their environments in ways their creators 
never envisioned, artificial-life researchers 
claim their in silko experiments are helping 
define the parameters of life in general, not 
just the kind found here on earth. 

Rod Brooks, director of the Mass¬ 
achusetts Institute of Technology’s mobile 
robot (Mobot) laboratory in Cambridge, has 
been producing machines that are, in one of 
the lab’s favorite slogans, small, fast, and out 
of control. The robots are independent wan¬ 
derers that, to a surprising degree, are capa¬ 
ble of taking care of themselves in the real 
world (or around the real world of the com¬ 
puter science building, at least). 

One of Brook’s researchers, Paul Viola, 
argues that the classic cybernetic work of 
Grey Walter surpassed bacterial intelli¬ 
gence, and bis robot, Atilla, falls only sUghtiy 
short of insect-level intelligence. 

Viola further claims that he will be able to 
simulate life at the canine level within a 
decade. He has even bet a friend a case of 
fine cognac that he would build a robot so 
dog-like in its behavior that, for all practical 


purposes, it really would be a dog. The test 
is that Viola will bring it home and show it to 
his friend’s (yet unborn) children. If they 
love it, Viola will win the bet. 

The creation of life by humans (other 
than in the traditional way) has been the 
stuff of legend throughout history. The sto¬ 
ries are almost all cautionary tales of hubris 
and disaster: the Golem and Frankenstein, 
for example. Levy and the artificial-life 
researchers do not shy away from the inher¬ 
ently moral question of whether artificial life 
itself should be encouraged. One researcher 
is frighteningly honest about the problem: 
“If you ask me really honestly, ‘Steen, why 
are you doing this?’ I can’t answer you,” he 
says. “I feel in some way that I am commit¬ 
ting a sin by the things I am doing.” 

One vivid example of the power and the 
risk involved in artificial-life research is the 
computer virus. Although biologists argue 
whether their viruses are alive or not, they 
recognize that because the viruses are para¬ 
sites on successful hosts, and because they 
evolve to find new ways to evade their hosts’ 
immune systems and successfully repro¬ 
duce, we shall never be rid of them. 

Computer viruses, built by analogy with 
biological ones, are arguably the first artifi¬ 
cial-life form to survive outside the laborato¬ 
ry. For now, they may be an annoyance no 
worse than the common cold, but the warn¬ 
ing about artificial life’s potential ramifica¬ 
tions is clear. 

Levy’s book does an excellent job with a 
difficult task. He clearly explains tiie techni¬ 
cal details of the research without over¬ 
whelming the general reader, and gets 
almost everything right. He captures the 
driving personalities of the researchers in 
the field, exploring the relationships 
between people and science that are too 
often ignored. And while he is clearly capti¬ 
vated by the excitement of the work, he 
carefully explores the potential for harm 
and the difficult moral questions that arise. 

Whether your interests are in the techni¬ 
cal details of a new approach to computa¬ 
tion, the human story of a scientific revolu¬ 
tion, or the impending satisfaction of the 
age-old craving to create life in the laborato¬ 
ry, you should read this book. 

Lawrence Hunter is director of the Machine 
Learning Project at the Nationai Library of Medi¬ 
cine in Bethesda, Md. His current research in¬ 
volves the goal-driven selection, combination, 
and application of multiple machine-learning 
technologies to problems in biology and 
medicine. He is also interested In the origins and 
implications of the desire for knowledge, the 
evolution of cognitive abilities, and the social 
implications of technical advances in biology and 
computer science. His book MMal Intelligence 
and Molecular Biology was published last fall by 
MIT/Press. 


COORDINATOR: Glenn Zorpeffe 
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Desktop CAE and 
the Design Center.! 


Your Path to 

\/ Effective Engineering 
%/ High Productivity 
|/ Good Business 


D esktop CAE means every engineer has his or her own design 
station, providing a comprehensive workspace for conceiving 
and designing the product to fulfill an engineering task. All of the 
engineer’s design needs are at his or her fingertips. 

The Design Center provides just this! As a universal circuit 
design environment, analog and digital circuits can be created 
using a schematic editor, then directly simulated and graphically 
analyzed for correct behavior. Whether you’re operating on a Sun 
workstation running OpenWindows, or on an IBM-PC running 
Microsoft Windows, all of this is achieved from a single system 
designed for user friendliness. This is Desktop CAE. 

The Design Center is a self-sufficient system, easily maintained 
and used by the engineer to whom it belongs. Easy installation, 
intuitive user interface, and comprehensive documentation are 
characteristic of the Design Center. Everything you need to get 
the job done is on your desktop. This is Desktop CAE. 

MicroSim Corporation is proud to provide you with the Design 
Center for Desktop CAE. We believe the Design Center stands 
on its own. But if you ever need assistance, our development and 
application engineers are always available through our free 
technical support program. 

The Design Center is synonymous with Desktop CAE. Consider 
the Design Center for your engineering business, and make it the 
most effective and productive business that it can be. For more 
information on the Design Center, please call us toll free at 
(800) 245-3022 or FAX at (714) 455-0554. 



The Design Center under Sun OpenWindows 



The Design Center under Microsoft Windows 


M MicroSim Corporation 

The Standard for Circuit Design 

20 Fairbanks • Irvine, CA 92718 


The Makers oe PSpice 
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Calendar 

Meetings, Conferences, and Conventions 


mY 


International Workshop on VLSI 
Process and Device Modeling—^VPAD 
(ED); May 14-15; New Public Hall, Nara, 
Japan; Masao Fukuma, Microelectronics 
Research Laboratories, NEC Corp., 1120 
Shimokuzawa, Sagamihara, Kanagawa 229, 
Japan; (81+42) 7710886. 

20th International Symposium on 
Computer Architecture (C); May 16-19; 
Sheraton Harbour Island Hotel, San Diego, 
Calif.; IEEE Computer Society, Conference 
Department, 1730 Massachusetts Ave., 
N.W., Washington, D.C. 20036-1903; 202- 
371-1013; fax, 202-728-0884. 

Wescanex ’93—Conference on Com¬ 
munications, Computers and Power 
in the Modem Environment (Region 7 
et al.); May 17-18; University of 
Saskatchewan, Saskatoon; Ron Fleming, 


Department of Electrical Engineering, 
University of Saskatchewan, Saskatoon, 
Sask. S7N OWO, Canada; 306-966-5299 or 
5379; fax, 306-966-8710. 

VLSI Technology Symposium (ED); 
May 17-19; Kyoto Grand Hotel, Kyoto, 
Japan; James T. Clemens, AT&T Bell 
Laboratories, 600 Mountain Ave., Murray 
Hill, N.J. 07974; 908-582-2800. 

Particle Accelerator Conference 
(NFS); May 17-20; Omni Shoreham, 
Washington, D.C.; Christoph W. Leemann, 
CEBAF, 12000 Jefferson Ave., Newport 
News, Va. 23606; 804-249-7554. 

Eighth Annual Conference on Stmc- 
ture in Complexity Theory (C); May 
17-21; Sheraton Harbor Island Hotel, San 
Diego, Calif.; IEEE Computer Society, 
Conference Department, 1730 Massa¬ 
chusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013. 


15th International Conference on 
Software Engineering (C, ACM); May 
17-21; Stouffer Harbor Place Hotel, 
Baltimore, Md.; IEEE Computer Society, 
Conference Department, 1730 Massa¬ 
chusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013; fax, 201-728- 
0884. 


IEEE members attend more than 5000 IEEE 
professional meetings, conferences, and con¬ 
ventions held throughout the world each year. For 
more information on any meeting in this guide, 
write or call the listed meeting contact. 

Information is also available from: Conference 
Services Department, IEEE Service Center, 445 
Hoes Lane, Box 1331, Piscataway, N.J. 80055; 
j 908-562-3878; submit conferences for listing to: 
Ramona Foster, IEEE Spectrum, 345 E. 47th St„ 
New York, N.Y,10017; 212-705-7305. 

For additional information on hotels, conference 
centers, and travel services, see the Reader 
Service Card. 


Mixed Mode Simulation 

NEW IsSpice3 Adds Real Time Waveform Display 



Complete 




systems are 

available for under $1600 

For Information and your 
Free Demonstration Kit 

Call, Fax, or Write 
Intusoft 

p.o. Box 710 intusoft 

San Pedro, CA 90733-0710 
Tel. (310) 833-0710 
FAX (310) 833-9658 
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IT’S Like Having A 
Cray On Your Desk! 
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■ready 




Three components work togeth¬ 
er in HlQ to complete your pro¬ 
jects quickly and logically: 

• Analysis Engine 

• HiQ-Scripr 

• Project Worhheit 

BilViillENNiUM 

795 La* Ave- • Suite 200 • Los Catos, CA 95030" 


a free derr 


for Apple Macintosh 
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(Continued from p. 14) 

Instrumentation and Measurement 
Technology Conference (IM); May 
18-20; Hyatt Regency Hotel, Irvine, Calif.; 
Robert Myers, 3685 Motor Ave., Suite 240, 
Los Angeles, Calif. 90034; 310-287-1463; 
fax, 310-287-1851. 

International Symposium on Power 
Semiconductor Devices and ICs (ED); 
May 18-20; Hyatt Regency Monterey, 
Monterey, Calif.; M. Ayman Shibib, AT&T 


Bell Laboratories, Box 13566, Reading, Pa. 
19612-3566; 215-939-6576. 

University/Government/Industry 
Microelectronics Symposium (ED); 
May 18-20; North Carolina State 
University, Raleigh; Jeffrey A. Coriale, 
North Carolina State University, Box 7920, 
Centennial Campus, Raleigh, N.C. 27695; 
919-515-5053; fax, 919-515-5055. 

Vehicular Technology Conference— 
VTC (VT, North Jersey Section); May 
18-20; Meadowlands Hilton Hotel, 


Secaucus, N.J.; Melvin Lewis, Loral 
Electronic System Ridge Hill, M/S-29, 
Yonkers, N.Y. 10710; 914-968-2500; fax, 914- 
964-2891. 

Symposium on Solid Modeling and 
Applications (C); May 19-21; Ramada 
Renaissance, Montreal; IEEE Computer 
Society, Conference Department, 1730 
Massachusetts Ave. N.W., Washington, 
D.C. 20036-1903; 202-371-1013; fax, 202- 
728-0884. 

Symposium on VLSI Circuits (SSC); 
May 19-21; Kyoto Grand Hotel, Kyoto, 
Japan; Dru Montgomery, Courtesy 
Associates, 655 15th St., N.W., #300, 
Washington, D.C. 20005; 202-347-5900; 
fax, 202-347-6109. 

Pacific Rim Conference on Com¬ 
munications Computers and Signal 
Processing (Region 7 et al.); May 20-21; 
Victoria Conference Centre, Victoria, B.C., 
Canada; Russ Williams, Conference 
Services, University of Victoria, Box 3030, 
Victoria, BC V8W 3N6, Canada; 604-721-8 
451; fax, 604-721-8774. 

International Software Metrics 
Symposium (C); May 21-22; Stouffer 
Hotel, Baltimore, Md.; IEEE Computer 
Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, 
D.C. 20036-1903; 202-371-1013; fax, 202- 
728-0884. 

International Conference on Com¬ 
munications (COM); May 23-26; CICG 
Centre International de Conferences de 
Geneve, Geneva, Switzerland ; Peter 
Leuthold, Institut fiir Kommunikations- 
technik, ETH-Zentrum, CH-8092 Zurich, 
Switzerland; (41+1) 256 2788; fax, (41+1) 
262 0943. 

Workshop on Interconnections 
Within High Speed Digital Systems 
(E, COM, LEO); May 23-26; Eldorado 
Hotel, Santa Fe, N.M.; Cathy Goldsmith, 
lEEE/LEOS, 445 Hoes Lane, Box 1331, 
Piscataway, N.J. 08855-1331; 908-562- 
3894; fax, 908-562-157L 

35th Cement Industry Technical 
Conference (lA); May 23-27; Royal York 
Hotel, Toronto; John MacRitchie, Leeds & 
Northrup Canada, 134 4 Fewster Dr., 
Mississauga, Ont., Canada L4W 1A4; 416- 
238-6850. 

Third Annual Dual-Use Technologies 
and Applications Conference (MV 
Section); May 24-27; Suny Institute of 
Technology, Utica/ Rome, N .Y.; John 
Salerno, c/o College Relations Office, Suny 
Institute of Technology, Box 3050, 
(Continued onp. 14FE) 
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Your Single Source for 
The W-l-D-E-S-T Range 
of Electronic and Power 

ROTARY 

SWITCHES 

We can match your needs: 
APPLICATIONS 
RATINGS 
OPTIONS 
SIZES 


Our switch ratings range from under 1 amp to 200 amps 


e EL EC TR OS W! TCH 

UNIT OF ELECTRO SWITCH CORE. 

Weymouth, Massachusetts 02188 
Telephone: 617/335/5200 • FAX: 617/335/4253 


Complete lines include 

• Electronic 

• Minature 

• Heavy-Duty 

• Custom Designs 

• Snap, Detent and 
Cam Actions 

• Military & 

Enhanced Commercial 
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Microsoft’ FORTRAN Power- 
Station has the unique distinction 
of being not only Windows-hosted, 
but 32-bit targeted as well, so you 
can program faster than ever before. 

Our Visual Workbench lets 
you move seamlessly between tools. 
For example, you don’t have to 
exit the editor to use the debugger. 

At the same time, 32-bit tar¬ 
geting gives your PC the power and 
performance of a workstation. 


enabling you to create bigger and 
faster applications. 

This combination should leave 
you plenty of extra time to put a 
twist in your development process. 

To get FORTRAN Power- 
Station at our special upgrade price 
of *199,* see your nearest reseller 
or call (800) 992-3675. 

H/Kcmsoft 

Making it easier 


«nt Microsoft FORTRAN use 


r tnformarion only: In Canada, call (800) 563-9048; outside the United States and Canada, ci 


cive FORTRAN products can 


nse FORTRAN PowerStation for *24! 

















FREE Selector Guide 
Electronic Rotary Switches 


• Up to 100 Poles • Up to 48 Positions 

• Ratings from .1A/28VDC to 2A/120VAC 

• Many meet MIL-S-3786 • Options include 
PC mounts, Keylocks, Waterproofs, 

Dual Concentric Shafts, etc., etc. 

EL ECTROSW/TCH 

UNIT OF ELECTRO SWITCH CORP. 

Raleigh, NC 27604 
,, Telephone: (919) 833-0707 * Fax; (919) 833-8016 ^ 
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National Council on Systems Engineering 
Third Annual International Symposium 
"Systems Engineering in the Workplace" 
July 26-28, 1993 
Arlington, Virginia 

Our symposium theme, "Systems Engineering in the 
Workplace," provides the focus for a diverse program 
of paper presentations, panel discussions, guest 
speakers, committee discussions, and exhibits. We will 
explore the expanding and changing role of systems 
engineering, and we will confront the major issues— 
increasingly complex systems; social, political, eco¬ 
nomic, and environmental constraints; concurrent 
engineering; capability maturity assessment; tools and 
process automation; and the impact of MIL-STD-499B. 
Technical presentations will be divided into four 
tracks: SE Process Improvement, Automation & Tools, 
System Design, and Analytical Techniques. Optional 
tutorials—"System Engineering Applications in Energy 
and the Environment" and "System Engineering a 
World Class Business"—CASE tool and systems 
engineering tool vendor presentations will be available. 
For additional symposium information, contact 
University of Washington, Engineering Continuing 
^Education at (206) 543-5539 or Fax (206) 543-2352. ^ 
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IF CHICAGO • EATON CORPORATION • LINCOLN 


• HONEYWELL CORPORATION • LUCAS 


Why are all these companies using... 


IMI IF* 


Because BMP has become a world standard for 2-D 
electric and magnetic field design on 386/486 PCs. 
With unmatched speed and versatiiity, EMP can 
handie all your static field design tasks, inciuding 
non-iinear materials and permanent magnets. Add¬ 
ons are available for electromagnetic resonators 
and particle tracking. Now available for the low one¬ 
time purchase price of $1699. 




r 


field precision 

P.O. Box 13595, Albuquerque, NM 87192 
505-296-6689 o Fax 505-294-0222 


laboratories t_ 

<ECK OBSERVATORY • OAK RIDGE NATIONAL LABORATORY • 
DEPARTMENT OF ENERGY • LAWRENCE LIVERMORE NATIONAL 


Circle No. 35 


LEAP INTO INTELLIGENT 
DATA Analysis With S-PLUS1 


When you LEAP with S-PLUS, you get statistics that tell a story, not 
static numbers. L-E-A-P - Look. Explore. Analyze. Present You 
perform an intelligent data analysis to get results with meaning. 

Look. You’ve got the power 
to look at your data with a variety 
of stunning, incisive graphics in 
S-PLUS’s robust environment. 

EXPLORE. Use dynamic 3-D 
visualization and other exploratory 
techniques to exercise your data. 

Interactively determine the data’s 
characteristics, patterns, and relationships. 

ANALYZE. Control your analysis 
with an object-oriented data language and 
over 1200 classical and modem statistical, 
mathematical computing, and graphics 
functions. You decide which techniques 
are most appropriate - not the software. 
PRESENT. With the simple click of a 
mouse, get on paper what you see on the screen - detailed, high- 
quahty graphics ready to present to your colleagues. 

Don’t jump to conclusions - LEAP into Intelligent Data Analysis. 
FREE VIDEO And 30-day Trial Available. 

CALL 1-800-569-0123 TODAY! 

'!ss STATSCI.INC. 

1700 Westla,ke Avenue North. Suite 500 

SALES: 800-569-0123 BUSINESS: 206-283-8802, 

FAX: 206-283-8691 EMAIL: MKTG@STATSCLCOM 



Matrix Manipulation 
Signal Analysis 
Time Series 
Numerical Analysis 
1200 Functions 
Objea-Oriented 
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Maxwell has earned a 
reputation for 
manufacturing high 
quality, reliable high 
voltage components and 
subsystems. Our 
products represent the 
leading edge in 
technology, based on 
millions of dollars of 
R&D investments each 
year. Our customers 
demand the highest 
level of reliability and 
technical support. In 
short, if you want the 
best in high voltage, call 
on Maxwell. 

High voltage 
capacitors 

■ Custom designs 

■ High voltage: 1000 V do 
to Megavolts 

■ High energy density: Up to 
1500 J/kg 

■ Low inductance 

■ High peak current and power 

■ High rep rate and average 
power density 

■ 100% hipot tested for high 
reliability 

Capacitor charging 
power supplies 

■ High Voltage: 1-50 kV 

■ High Power: 2-10 kJ/s 

■ Constant current supply 

■ High efficiency >92% 

■ High power density 

■ Highly regulated (±0.05%) 

■ Power factor corrected 


8888 Balboa Avenue, San Diego, CA 92123-1506 
Telephone (619)576-7545 • FAX (619)576-7672 




MAXWELL 

Laboratories, Inc. 
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Utica/Rome, N.Y. 13504-3050; 315-792- 
7114; fax, 315-792-7222. 

23rd International Symposium on 
Multiple Valued Logic (C); May 24-27; 
Hyatt Regency Hotel, Sacramento, Calif.; 
K.W. Current, ECE Department, University 
of California, Davis, Calif. 95616; 916-752- 
0583; fax, 916-752-8428. 

National Aerospace and Electronics 
Conference (AES, Dayton Section); May 
24-28; Dayton Convention Center, Dayton, 
Ohio; Sue Murphy, ASC/ENES, Wright- 
Patterson Air Force Base, Ohio 45433- 
6503; 513-255-6281. 

Regional Conference on Aerospace 
Control Systems (CS); May 25-27; 
Rockwell Science Center, Thousand Oaks, 
Calif.; Ching-Fang Lin, American GNC 
Corp., 9131 Mason Ave., Chatsworth, Calif. 
91311; 818-407-0092. 

International Conference on Dis¬ 
tributed Computing Systems—ICDCS 
’93 (C); May 25-28; Pittsburgh Hilton and 
Towers, Pittsburgh; IEEE Computer 
Society, Conference Department, 1730 
Massachusetts Ave., N.W., Washington, 
D.C. 20036-1903; 202-371-1013. 

Canadian Workshop on Information 
Theory (IT, Region 7); May 30-June 2; Le 
Riviera Conference Centre, Rockland, 
Ont.; T. Aaron Gulliver, Department of 
Systems and Computer Engineering, 
Carleton University, Ottawa, Ont., Canada 
KIS 5B6; 613-788-5734; fax, 613-788-5727. 


JUNE 


43rd Electronic Components and 
Technology Conference—ECTC ’93 
(CHMT); June 1-3; Buena Vista Palace 
Hotel, Orlando, Fla.; James A. Bruorton, 
Kemet Electronics, Box 5928, Greenville, 
S.C. 29606; 803-963-6621 

International Symposium on In¬ 
dustrial Electronics—ISIE ’93 (lA et 
al.); June-3; Hotel Agro, Budapest, 
Hungary; Okyay Kaynak, Bogazici 
University, Bebek, 80815 Istanbul, Turkey; 
(90-Hl) 265 9909; fax, (9(H1) 257 5030. 

International Symposium on Elec¬ 
tron, Ion and Photon Beams (ED); 
June 1-4; Sheraton Harbor Island, San 
Diego, Calif.; Fritz J. Hohn, IBM Research 
Division, Thomas J. Watson Research 
Center, Box 218, Yorktown Heights, N.Y. 
10598; 914-945-1608; fax, 914-945-412L 


The only 
complete 
set of 

video demos 
in lasers 
and optics 



VIDEO DEMONSTRATIONS 
IN LASERS & OPTICS 

... for the university or 
company instructor ... 

42 fuli-iength demonstrations, 
over 8 hours on videocassettes 


Now you can present every 
demonstration essential to the 
effective teaching of physical 
optics and laser physics. 

Developed by Professor Shaoul 
Ezekiel for his senior and graduate 
level courses in lasers and optics 
at MIT, these full-length video 
demonstrations use a wide range 
of graphic techniques to display 
effects in real time. 

FREE PREVIEWS 

Call 1617) 253-7444 • Fax 1617) 253-8301 


UNDERSTANDING LASERS 
AND THEIR APPLICATIONS 

... for engineers, scientists, 
medicai professional, managers, 
and everyone who needs to know 


Easy-to-follow video course 
explains lasers in simple language, 
with specially prepared demon¬ 
strations and numerous graphic 
illustrations. You’ll learn what a 
laser is, its unique characteristics 
and how they come about, what 
types of lasers are available, and 
their real-world applications. 


Massachusetts Institute of Technology 
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Get 3BooksJ“;$0®5 

when you join the 

Electronics Engineers’ 
Book Club " 


YES! Rush me the following titles, billing me just $9.95 (plus 
shipping/handling & sales tax). Enroll me as a member of the 
Electronics Engineers’ Book Club according to the terms 
outlined in this ad. If not satisfied, I may return the books within 
10 days without obligation and my membership will be can¬ 
celled. I agree to purchase just 3 more selections at regular 
Club prices during the next 2 years and may resign anytime 
thereafter. 

Code #’s of my books for $9.95 



Electronics Engineers’ Book Club" 


Get 3 Books $0®® 

when you join the 

Electronics Engineers’ 
Book Club “ 


YES! Rush me the following titles, billing me just $9.95 (plus 
shipping/handling & sales tax). Enroll me as a member of the 
Electronics Engineers’ Book Club according to the terms 
outlined in this ad. If not satisfied, I may return the books within 
10 days without obligation and my membership will be can¬ 
celled. I agree to purchase just 3 more selections at regular 
Club prices during the next 2 years and may resign anytime 
thereafter. 

Code #’s of my books for $9.95 



Electronics Engineers’ Book Club 




As a member of the 

Electronics Engineers’ Book Club ... 

... you'll enjoy receiving Club bulletins every 3-4 weeks containing 
exciting offers on the latest books in the field at savings of up to 50% 
off of regular publishers’ prices. If you want the Main Selection do 
nothing and it will be shipped automatically. If you want another book, 
or no book at all, simply return the reply form to us by the date 
specified. You’ll have at least 10 days to decide. And you’ll be eligi¬ 
ble for FREE BOOKS through the Bonus Book Program. Your only 
obligation is to purchase 3 more books during the next 2 years, after 
which you may cancel your member^ip at any time. 




Engineers’ Book Ctub, Blue Ridge Sr 
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~tools not available with any stand- 1| 

alone chart recorder. Best of alU 
)«u don't need special papeq| 
or messy inks! 

• Concurrently Displays and 

I g Records Up to 48 Channels I 
-■••^ tiniiniis Throughput to DinE 
12-bit Samples/Sec 
=2 Real-Time Display of Strip- 
^ Chart, X-Y and Scatter Plots 11 



Canadian Workshop on Information 
Theory QT, Region 7); May 30-June 2; Le 
Riviera Conference Centre, Rockland, 
Ont.; T. Aaron Gulliver, Department of 
Systems and Computer Engineering, 
Carleton University, Ottawa, Ont., Canada 
KIS 5B6:613-788-5734; fax, 613-788-5727. 


43rd Electronic Components and 
Technology Conference—ECTC ’93 
(CHMT); June 1-3; Buena Vista Palace 
Hotel, Orlando, Fla.; James A. Bruorton, 
Kemet Electronics, Box 5928, Greenville, 
S.C. 29( 


International Symposium on In¬ 
dustrial Electronics—ISIE ’93 (lA et 
al.); June-3; Hotel Agro, Budapest, 
Hungary; Okyay Kaynak, Bogazici 
University, Bebek, 80815 Istanbul, Turkey; 
(90+1) 265 9909; fax, (90+1) 257 5030. 

International Symposium on Elec¬ 
tron, Ion and Photon Beams (ED); 
June 1-4; Sheraton Harbor Island, San 
Diego, Calif.; Fritz J. Hohn, IBM Research 
Division, Thomas J. Watson Research 
Center, Box 218, Yorktown Heights, N.Y. 
10598; 914-945-1608; fax, 914-945-4121. 


optics and laser physics. 

Developed by Professor Shaoul 
Ezekiel for his senior and graduate 
level courses in lasers and optics 
at MIT, these full-length video 
demonstrations use a wide range 
of graphic techniques to display 
effects in real time. 

FREE PREVIEWS 

Call 1617) 253-7444 • fax (617)253-8301 


UNDERSTANDING LASERS 
AND THEIR APPLICATIONS 

... for engineers, scientists, 
medical professionals, managers, 
and everyone who needs to know 


Easy-to-follow video course 
explains lasers in simple language, 
with specially prepared demon¬ 
strations and numerous graphic 
illustrations. You’ll learn what a 
laser is, its unique characteristics 
and how they come about, what 
types of lasers are available, and 
their real-world applications. 


Massachusetts Institute of Technology 
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Get 3 PROFESSIONAL BOOKS ortV — 


When you join the ELECTRONICS ENGINEERS’ BOOK CLUB® 






As a member of the 

Electronics Engineers’ Book Club ... 

... you'll enjoy receiving Club bulletins every 3-4 weeks containing 
exciting offers on the latest books in the field at savings of up to 50% 
off of regular publishers’ prices. If you want the Main Selection do 
nothing and it will be shipped automatically. If you want another book, 
or no book at all, simply return the reply form to us by the date 
specified. You’ll have at least 10 days to decide. And you’ll be eligi¬ 
ble for FREE BOOKS through the Bonus Book Program. Your only 
obligation is to purchase 3 more books during the next 2 years, after 
which you may cancel your member^ip at any time. 

» m SS a ths^new fiMxK’ 

Wt hooHs ate tiarelcover untoss oflwrwise n«ect. Pabflshere’ prtcss stown. ©1993 EE8C 
A ssterg® & salea to* wW addaJ to all okJks. IEEES93 

K oquBoi* B missing, write te 

Eleetronics Engineers’ Book Club, Wue Ridge Summit, PA 17294-0880 
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iVIP-ADVANCED EDUCATION 
'WORKING ENGINEERS 

If you ’re a busy professional 
engineer searching for a convenient 
way to further your education 
without interrupting your career ... 
look to the VIP. 

■ Instruction delivered to your workploce 
live vio satellite broadcast or on videotape 

■ University of Mossochusetts resident graduate faculty 

• Degree programs: 

M.S. in Electrical and Computer Engineering 
M.S. in Engineering Monogement 

• Non-degree program 

• Short courses 


Coll or write: 

VIDEO INSTRUCTIONAL PROGRAM 

College of Engineering 
113 Marcus Hall 
University of Massachusetts 
Amherst, MA 01003 

Phone: (413) 545-0063 FAX: (413) 545-1227 
Internet e-mail address: vip@ecs.umass.edu 

An equol opportunity/affirmative action institution 



Looking for a new job? See how your 
company compares with the salaries 
and benefits offered by other employ¬ 
ers in the United States. Sampled 
from American members of the IEEE 
(the world’s leading technical society) 
the all-new 1993 IEEE U.S. MEM¬ 
BERSHIP SALARY & FRINGE BENEFIT SURVEY pro¬ 
vides you with the current information you need. A regression 
analysis is used to predict salaries by analyzing more than 50 
individual variables including primary areas of technical exper¬ 
tise, industry, and geographic location. You’ll also get definitive 
information on salaries by level of education...by job func- 
tion...by geographic area...pensions and retirement 
plans...insurance...401K tf\sLn&...and much more. 

To ORDER CALL 1-800-678-IEEE 
with your credit card information 
and ask for product #: UH0194-1 
or fax your order to 
IEEE Customer Service: 

(908) 981-9667. 


IEEE MEMBER PRICE IS $74.95 
(plus $5.00 handling and local sales ta 
where applicable). 
NONMEMBERS PAY $119 95 
(plus $8.00 handling, and locM sales to 
where applicable). 
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Department of Energy 
Distinguished Postdoctoral 
Research Program 

Research Opportunities in 
Physica I Sciences, Computer 
Sciences, and Engineering 

Research in DOE-sponsored programs 
Tenable ot various national laboratories 
Stipend of $52,800 
Doctoral degree received after 1990 
U.S..citizens or PRA eligible 
Application deadline July 1,1993 

For information ond applications: 

DOE: Distinguished 
Postdoctoral Research Program 
Sdence/Engineering Education: Division 
Oak Ridge InstihJte 
for Science and Education 
P.O.Box 117 

Oak Ridge/ Tennessee 3783:1 -01:17 
(615) 576-9934 

Sponsored by the U.S. Department of 
energy. Of fice of University and 
Sdenem Sdutation Programs 
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STI has delivered an HTS 
filter to JPL for Earth-based 
deep space communications. 

The difficulty in receiving and 
processing data sent from space¬ 
craft in the far reaches of the solar 
system lies in the weakness of the 
signals. A significant portion of 
the priceless scientific information 
these probes send to the Earth- 
based Deep Space Network is iost 
due to radio frequency interference 
here on Earth. 


With high temperature super¬ 
conductors (HTS) now within the 
sphere of practical and available 
technology, the Jet Propulsion 
Laboratory turned to Super¬ 
conductor Technologies Inc. 
(STI). We delivered, on time, an 
HTS device that wiil salvage the 
ultra-weak signals by filtering out 
the out-of-band RFI. 


FAX (805) 683-8527. 


SUPERCONDUCTOR 

TECHNOLOGIES 


Things are looking up: 

HTS provides extraordinary 
advantages in commercial 
applications. 

JPL had expiored possible 
candidates for input RFI filters, but 
the resulting tradeoffs in 
insertion ioss, bandwidth. 


and size left no 
acceptable nar¬ 
rowband option. 

As an exampie, a 
cavity filter with 
a 2% bandwidth 
would have at 
least 1.6 dB inser¬ 
tion loss, at a size 
of 3" X 0.5" X 0.5" 

STI’s stripiine filter achieves less 
than 0.5 dB insertion loss over the 
entire 2% bandwidth, with uitimate 
rejection of -75 dBc. (The mini¬ 
mum insertion loss is 0.3 dB.) 
It measured only 1.5" x 
0.67" X 0.5"—about half 
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use lighter bat¬ 
teries, smaller solar 
panels and cheaper ampli¬ 
fiers, greatly reducing launch costs. 

Of course, the HTS advantage 
goes far beyond satellite commu¬ 
nications. A rapidly growing num¬ 
ber of radar, instrumentation, EW, 
and computer manufacturers are 
using STI’s HTS solution to expand 
the boundaries of performance. 
Integrate STI’s HTS into your 
world of compo¬ 
nent and system 
development. 

Give your world 
of component and 
system develop¬ 
ment a decisive 
performance 
boost. As part of 
your development 
team, STI will 


ISaBfBI 


START 8 . 200000000 GH 2 STOP8.700 000000 GHz provide the HTS 
materials you need: films, circuits, 
resonators, filters, delay lines, 
oscillators, subsystems, multichip 
modules...Plus a custom HTS 
circuit fabrication department that 
wili build your designs from masks 
to packaged circuits. 


the size of the narrow- 
band cavity filter. 
Performance 
enhancements 
like this clear 
the way for 
commercial 
satellite manu- 


Communicate with STI today. 

Discover for yourself how HTS 
applications have become practical 
and down-to-earth. Call STI’s 
Joe Madden at (805) 683-7646. 

Or write 460-F Ward Drive, 

Santa Barbara, CA 93111-2310... 


Circle No. 34 


Making HTS a practical reality. 









Professional Perspective 


lEEE-USA’s Legislative Initiative Highlights 
Competitiveness and Pension Reform 


IEEE’s United States Activities Board 
launched a Legislative Initiative, a con¬ 
centration of volunteer, staff, and bud¬ 
getary resources, to promote two issues 
of vital concern to U.S. members— 
enhancing U.S. competitiveness and 
achieving pension portability. Begun in 
1989, this effort continues today with a 
renewed focus on competitiveness and 
pension reform. As an election year, 
1992 offered special opportunities. 

The Campaign ’92 Initiative 

In 1992, lEEE-USA promoted jobs, eco¬ 
nomic growth, and competitiveness as 
election-year issues to raise public 
awareness of the role technology plays 
in promoting competitiveness. Presi¬ 
dential candidates George Bush and 
Bill Clinton responded to IEEE Presi¬ 
dent Merrill W. Buckley’s challenge to 
answer 10 questions outlining their 
plans for improving U.S. technological 
competitiveness. Their responses were 
highlighted in The Institute and Profes¬ 
sional Perspective. 

Enhancing U.S. Competitiveness 

lEEE-USA’s Competitiveness Commit¬ 
tee pursued several special initiatives in 


1992, including sponsoring a Competi¬ 
tiveness Bellow on the staff of Senator 
William V. Roth (R-Delaware) and two 
Technology Bellows to support the pro¬ 
grams of the new Technology Adminis¬ 
tration in the U.S. Department of Com¬ 
merce. With support from the National 
Center for Manufacturing Sciences, the 
Committee also developed draft legisla¬ 
tion for introduction in Congress that 
would provide Government guarantees 
and low-cost loans for manufacturing 
production facilities in the United 
States. The Committee will renew its ef¬ 
forts in 1993 and Join with the Technol¬ 
ogy Policy Council to promote passage 
of the National Competitiveness Act, H.R. 
820 and S.4. 

Promoting Pension Reform 

lEEE-USA’s Pensions Committee is 
pursuing changes in pension law to ex¬ 
pand pension coverage and savings op¬ 
tions, reduce vesting requirements, and 
improve pension portability. Member 
participation in letter-writing cam¬ 
paigns and Capitol Hill visits helped the 
Committee secure introduction of the 
Pension Coverage and Portability Improve¬ 


ment Act and the Pension Reform Act in 
the 102nd Congress, but election-year 
distractions discouraged positive Con¬ 
gressional action. 

The Committee has crafted new leg¬ 
islation that focuses narrowly on pen¬ 
sion portability and vesting, to broaden 
the base of political support for reform. 
Committee members are also seeking 
Congressional sponsors, lining up pub¬ 
lic support, and giving testimonies sup¬ 
porting full restoration of Individual 
Retirement Accounts to help advance 
the retirement security interests of 
IEEE’s U.S. members. 

You can learn more about lEEE- 
USA’s legislative activities by contacting 
the lEEE-USA Office in Washington, 
D.C., for a copy of lEEE-USA’s Federal 
Legislative Agenda. The Agenda summa¬ 
rizes lEEE-USA’s recommendations to 
the 103rd Congress on such high prior¬ 
ity public policy issues as competitive¬ 
ness and pensions. 

—Chris J. Brantley, Manager 
Government Activities 
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Cynical about change? As most people 
realize, change is simply a process, 
which may or may not produce pro¬ 
gress. Some people believe that reor¬ 
ganizing is the best way to change any 
situation. Reorganization can be a won¬ 
derful activity for creating the illusion 
of progress while producing confusion, 
inefficiency, and demoralization. 

Nothing is more difficult to under¬ 
take, more perilous to orchestrate, or 
more uncertain in its success than 
changing situations for the better. But 
times change, and we must change with 
them. 

Change is not without inconvenience. 
So, while it is inevitable and linked to 
progress, change generates opposition. 
Change disturbs the even keel of life, 
which is not bad, if the new life is better 
than the old. But change also threatens 
vested interests. 

If progress cannot be made without 
change, is the converse also true? In 
IEEE, our leaders want to be seen as 


always changing things. Action is the 
stuff of managerial myth. We want to 
see our leaders in the fray, not shrinking 
from decision-making. But fools rush in 
where angels fear to tread. 

Some IEEE Boards, Councils, and 
Committees spend much time debating 
structure, organization, and mission. 
Many IEEE members view this self-ex¬ 
amination as irrelevant, and it turns 
them off. Witnessing arcane debates is 
not why most engineers joined IEEE. 

The Institute must project itself as a 
dynamic, progressive organization that 
is serving the professional needs of its 
members and the engineering profes¬ 
sion. While change may be necessary to 
achieve such a goal, change for the sake 
of change is not progress. The debate 
on whether to change should not take 
up so much time that none is left to 
make the changes that will better serve 
members and their profession. 

—Michael J. White law, PE. 

Editor in Chief 


TPC Hosts Capitol 
Hill Briefings 

lEEE-USA’s Technology Policy Council 
hosted key Congressional policymakers 
at an electrotechnology policy issues 
briefing on Capitol Hill. Designed to in¬ 
troduce lEEE-USA volunteers and staff 
to new Members of Congress and their 
staffs, the event will inaugurate a new 
series of monthly Congressional semi¬ 
nars on technology policy issues. 

The briefing featured three presen¬ 
tations. lEEE-USA Technology Policy 
Council (TPC) Chairman Joseph D. 
Bronzino stressed the need for a bio¬ 
engineering emphasis at the National 
Institutes of Health. TPC Co-Vice 
Chairman J. Mark Pullen proposed a 
stronger role for the Department of 
Commerce in establishing U.S. technol¬ 
ogy policy, and Co-Vice Chairman Rob¬ 
ert S. Powers discussed telecommunica¬ 
tions as part of the national information 
infrastructure. 









A SPECIAL ADVERTISING SECTION PAID FOR BY IEEE UNITED STATES ACTIVITIES 


PEER II Contract Canceled 

lEEE-USA’s Employment Assistance 
Committee (EAC) Chairman John E. 

Martin announced that EAC’s contract 
with Success Systems, Inc., to operate 
the Professional Engineering Employ¬ 
ment Registry (PEER II) will not be 
renewed. 

“Both EAC and Success Systems 
worked hard to make PEER II a success, 
because it held out so much hope for 
our members,” Martin said. However, 
he pointed out that the company has 
never been able to deliver what was 
promised in the PEER II brochure. The 
Committee felt that the product could 
not be improved sufficiently to satisfy 
IEEE’s member-users. 

Success Systems will continue to 
honor existing subscriptions to the ser¬ 
vice. Current subscribers will still be 
able to contact the company for addi¬ 
tional diskettes of job listings, and their 
resumes will continue to be included in 
a data base searched by employers. 

At this time, EAC has no plans to re¬ 
place the employment registry, but the 
committee will provide members with a 
list of several existing commercial regis¬ 
tries and data bases. lEEE-USA will con¬ 
tinue to sponsor employment work¬ 
shops, Job fairs, local job banks, 
videotape libraries, local consulting net¬ 
works, and other forms of employment 
assistance. 

—William R. Anderson, Manager 
Member Activities Council 


IEEE job fairs are tentatively scheduled 
at these locations during 1993: 


14-15 
[une 14-15 
21-22 
21-22 


LCKATION 


Detroit Section (LG) 

Boston Section (LG) 

NaPI Capital Area Council 
Detroit Action (PE) 

Dallas Section (LG) 

Santa Clara Section (W) 

San Jose Section (LG) 


tM Capital Arc: 
Toit ^tion (1 


Detroit M 
Boston Section (LG) 
Santa Clara Section (W) 


^ 1344 San Jose Section (LG) 

September 20'-21 Nan Capital Area Coun 
September 20-21 Detroit ^tion (PE) 


Santa Clara Section (W) 
Cleveland Section (LG) 
Boston Section (LG) 
Dallas Section (LG) 
Detroit Section (LG) 


October 18-19 
October 18-19 
October 18-19 
October 25-26 


Job fairs are open to all engineers. For 
more information concerning the loca¬ 
tions of the job fairs marked (LG), please 
call (800) 562-2820; Virginia residents 
should call (800) 533-1827. For fairs 
marked (PE), please call (800) 338-4530; 
and for fairs marked (W) call (408) 
970-8800. In all cases, ask for the IEEE 
Career Fair Coordinator. ♦ 


The Pen Is Mightier Than the Scope Probe 


While serving as Chairman of lEEE- 
USA’s Intellectual Property Committee 
(IPC), I heard from engineers trapped 
in such bizarre situations as being 
forced to work without pay or to finish a 
patent application long after leaving 
employment. One employer was trying 
to claim a patent obtained before the in¬ 
ventor went to work for the company. 
During the years I have served on IPC, 
I have written articles, generated testi¬ 
mony for the U.S. Senate, visited Mem¬ 
bers of Congress and various Federal 
agencies, and spoken before groups 
about intellectual property issues. 

Every committee within lEEE-USA’s 
Career Activities Council is involved 
with the needs of practicing engineers. 
The committees include Pensions, 
Ethics, Licensure and Registration, 
Manpower, Career Maintenance and 
Development, and Anti-Discrimination, 
as well as Intellectual Property. They 


are not legal defense funds, nor can 
they dispense legal advice or negotiate 
with your employer. However, the com¬ 
mittees can offer information, and they 
inquire into the dark recesses of our 
profession, which is often sufficient to 
initiate change. 

Few things calibrated my duty as a 
committee chairman better than a hor¬ 
ror story from an engineer. Members of 
Congress will listen politely to philo¬ 
sophical positions, but real examples of 
people being hurt impel them to action. 
In other words, you need to educate us 
to empower them. 

Tell us about the lumps and bumps in 
your professional path. Write or call the 
lEEE-USA Office in Washington D.C., 
and the staff will guide you to the ap¬ 
propriate committee for help. 

—Orin B. Laney, Editor 
Career Activities Council 


IEEE Leads 
National Engineers 
Week Activities 

IEEE’s lead sponsorship of National En¬ 
gineers Week (NEW) 1993 culminated 
in a series of high-profile events held in 
Washington, D.C., during the week of 
February 14-20. 

On Wednesday, February 17, the first 
NEW Future City Competition national 
finals were held at the U.S. Department 
of Energy (DOE). Martha Sloan, IEEE 
President and 1993 NEW Chairman, 
presided over a ceremony and press 
conference following the competition. 

Tilden Middle School of Rockville, 
Maryland, was awarded first prize by 
DOE Secretary Hazel R. O’Leary. The 
school’s computer design and scale 
model of a 21st century city that is en¬ 
ergy efficient, environmentally sound, 
cost-effective, and people-oriented was 
judged best of almost 200 entries at the 
regional and national levels. The com¬ 
petition received wide TV, radio and 
newspaper coverage, including ABC 
Evening News footage of Sloan and the 
winning team at a White House meet¬ 
ing with President Clinton. 

After meeting with their respective 
Members of Congress on Capitol Hill, 
finalists in the Future City Competition 
demonstrated their projects at a Na¬ 
tional Engineers Week Evening Gala at 
INTELSAT. This unique event brought 
together adults and children to cele¬ 
brate the profession’s present and fu¬ 
ture. Participants were treated to the 
“Marsville” project, a walk-through 
model of a human habitat on Mars cre¬ 
ated by local grade-school students. “Dr. 
Fad,” the inventive PBS children’s show 
personality, provided lively entertain¬ 
ment, and Sloan presided over a pro¬ 
gram that included presenting the En¬ 
gineering Foundation’s National 
Engineering Journalism Award to The 
New York Times’ Jay Romano, and re¬ 
marks by Kenneth T. Derr, Chairman 
of Chevron Corporation and Honorary 
Chairman of NEW 1993. 

Also during the week, the profession 
was spotlighted in the nation’s most in¬ 
fluential print media. An IEEE- 
produced ad appeared in The Washing¬ 
ton Post and The New York Times. In 
addition. Rep. George Brown (D-Cali- 
fornia) read a statement honoring the 
engineering profession into the Cm- 
gressional Record. 

—Christopher R. Currie, Consultant 
lEEE-USA Public Relations 










] Recentbooks 

Wisdom of the Elders. Suzuki, David, and 
Knudtson, Peter, Bantam Books, New York, 
1992,272 pp., $22. 

Obiect-Orienled Software Engineering with 

C + +. Ince, Darrel, McGraw-Hill, New 
York, 1992,231 pp., $45.95. 

Engineering field theory with applications. 

Setian, Leo, Cambridge University Press, 
New York, 1992, 354 pp., $80 (cloth), 
$34.95 (paperbaclO. 


Graphics Gems Ill-Macintosh. Ed. Kirk, 

David, Academic Press, San Diego, Calif., 
1992,631 pp., $49.95. 

Multidimensional Processing of Video 
Signals. Eds. Skurama, Giovanni L., and 
Mitra, Sanjit K., Kluwer Academic, 
Dordrecht, the Netherlands, 1992,188 pp., 
$95. 

Impact of science on society, No. 165: 
Ergonomics, Vol. 41, No. 5, and No. 166: 
Environment and Development, Vol. 41, 

I No. 6. Eds. Howard ]. Moore, et al.. 


Unesco/Taylor & Francis, London, 1992, 
108 pp. and 201 pp., published quarterly, 
subscription $72. 

Graphics Gems lll-IBM. Ed. Kirk, David, 
Academic Press, San Diego, Calif., 1992, 
631 pp., $49.95. 

Survey of Semiconductor Physics, Vol. II. 

Boer, Karl W., Van Nostrand Reinhold, 
New York, 1992,1472 pp., $79.95. 

Borland C-t- + 3.6 Programming, 2nd edi¬ 
tion. Ezzell, Ben, Addison-Wesley, Reading, 
Mass., 1992,608 pp., $28.95. 

Expert Database Systems: A Gentle Intro¬ 
duction. Beynon-Davis, P., McGraw-Hill, 
New York, 200 pp., 1992, $35.95. 

Alpha Architecture Reference Manual. Ed. 

Sites, Richard L., Digital Press, 
Burlington, Mass., 1992,600 pp., $34.95. 

A Guide to RISC Microprocossors. Ed. 

Slater, Michael, Academic Press, San 
Diego, Calif., 1992,328 pp., $49.95. 

Simulation of Communication Systems. 

Jeruchim, Mkhel C., et al.. Plenum Press, 
New York, 1992,731 pp., $110. 

Electronic CAD Frameworks. Barnes, 
Timothy et al., Kluwer Academic, 
Dordrecht, the Netherlands, 1992,195 pp., 
$72. 

Building Hypermedia Applications. Howell, 
Gary Thomas, McGraw-Hill, New York, 
1992,279 pp., $42.95. 

Electrochemistry of Semiconductors and 
Electronics: Processes and Devices. Eds. 
McHardy, John, and Ludwig, Frank, 
Noyes Publications, Park Ridge, N.J., 1992, 
300 pp., $64. 

Telecommunication Circuit Design. Van 

der Puije, Patrick D., John Wiley & Sons, 
New York, 1992,351 pp., $54.95. 

Pocket Book of Integrals and Mathe¬ 
matical Formulas. Tallarida, Ronald /., 
CRC Press, Boca Raton, Fla., 1992, 225 pp., 
$14.95. 

Systems Engineering. Sage, Andrew P.. 
John Wiley & Sons, New York, 1992, 606 
pp., $69.95. 

Synchrotron Radiation Research, Vols. 1 

and 2. Ed. Bachrach, Robert Z., Plenum 
Publishing, New York, 1992, 526 pp. and 
398 pp., $115 and $95, respectively. 

Introduction to Fields and Circuits. 

Lancaster, Gordon, Oxford University 
Press, New York, 1992,395 pp., $39.95. 


IF YOU THINK 
YOU’RE GOING TO 

■ m "TM 1 W" A We’ve been turning trouble into 

■ W I •/ ■ 1 1 opportunities for nearly half a 

_ _ _ century. We don’t get mad - we 

B ■B.^^B fl_i l^^/B ■ get technical. That’s how the 

J-^^B J B— J J. T J. Sarnoff Research Center came 
up with the first complementary metal oxide semi-conducting chip. And the first 

solid state amplifier for space use.The problem is, you should be up front with 

us - so we can use our heads, hunches, and tremendous reservoir of knowledge and 
experience in such areas as superconductivity, surface emitting diode lasers, and high- 

definition TV systems.We’ll give as good as we get. For industry and government, 

we use the genius of the mind on basic research and product-oriented, market-driven 
problem solving. Heads in the clouds, feet on the ground, we’re ready for the tough¬ 
est challenge you can throw at us.For information contact: Public Affairs, 

David Sarnoff Research Center, CN 5300, Princeton, NJ 08543-5300 (609) 734-2507. 


So what’s your problem? ? 


TERRIFIC! 


S^noff 


Subsidiary of SRI Inter 
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Pro gram notes 


From Windows to OS/2 
by Mirrors 

Since graphical-user-interface (GUD pro¬ 
grams will run much faster under 32-bit OS/2 
2.0 than under 16-bit Windows 3.1, many pro¬ 
grammers are considering converting them 
to OS/2 2.0. This is a straightforward exer¬ 
cise since OS/2 grew out of Windows: both 
use function calls to dynamic link libraries 
(DLLs), and both store application re¬ 
sources—such as icons, bit maps, and help 
files—in separate files. 

Given OS/2’s limited market share, time- 
consuming manual conversion of applica¬ 
tions is hard to justify. However, automated 
conversion software is available, which 
reduces the time required to convert a 
Windows application to OS/2 from weeks 
todays. 

One package. Mirrors, was created by 
Micrografx Inc., the first software company 
to market a Windows application. Mirrors 
supplies tools that convert the resource, def¬ 
inition, and help files of Windovre—as well 


as cursors, icons, and bitmaps— 
into OS/2 Program Manager 
(PM) files. The only manual 
activity left to the programmer 
is to convert source code. 

Mirrors also helps program¬ 
mers who want to create an 
OS/2 application directly from 
Windows source code. The con¬ 
verted resources and the exist¬ 
ing source code may be relinked 
with the Mirrors DLL for OS/2 
to produce an ersatz OS/2 appli¬ 
cation. (The Mirrors DLL can 
be thought of as a Windows 
emulator running under OS/2; it 
supplies OS/2 equivalents for Programmers who want to create an OS/2 application 
common Windows functions like directly from Windows source code can do so with the Mir- 
dialog boxes and control classes, rors DLL for OS/2. Relinking converted resources and 
and routes more complex calls existing source code creates an ersatz OS/2 application. 
for Windows DLLs to the equiv- 

under the OS/2 Windows 
compatibility box. And, since the ersatz 
OS/2 program is generated directly from 
Windows source code, it can be keot un-to- 
(Continued on p. 18) 



alent OS/2 DLLs.) 

Although a program generated by a man¬ 
ual OS/2 conversion will run faster than a 
program generated by the ersatz OS/2 con¬ 
version, either will be faster than a Windows 


ir 


BBNffPwbe 

! Penetrating Analysis 

Powerful visual data analysis software 
for UNIX and VAX/VMS workstatiorrs 
and servers. 

BBN/Probe software provides direct access 
to complicated and non-standard data sources 
containing thousands of variables and consuming 
gigabytes of storage. Reformatting is not required. 

The software provides an interactive 
environment for users to perform sophisticated 
analysis and graphics. The same interactive 
interface also provides a means to create real-time 
displays of data streams for monitoring critical 
parameters of a test. 

For more information, call: 1-800-84PROBE 



• Telemetry & Avionics 

• Simulation 

• Telecommunications 


• Flight Testing 

• Process Monitoring 

• Automotive 


BBN Systems and Technologies 

A Division of Bolt Beranek and Newman Inc. 

10 Moulton Street Cambridge, MA 02138 
Telephone (617) 873-2120 FAX (617) 873-2205 


International Offices: London 44 81 (1) 745 2800; Munich 49 89 225 395; 
Paris 33 (1) 40 83 0707; Milan 39 2 77 29226; Toronto 416 629 9272; 
Sydney 61 2 965 7213; Tokyo 813 3222 1951; Netherlands 31 3402 50488 


BBN/Probe is a trademark of Bolt Beranek and Newman Inc. j 


; SPECTRUM MAY 1993 


Circle No. 10 


15 




















































NEC NEWSCOPE 



MULTISYNC COLOR MONITORS: 

THE MILLION-SELLING TREND-SETTERS. 


S ales of NEC's Multisync™ color 
monitors for personal com¬ 
puters have soared past the 
one million mark. Multisync scored 
a smash hit when introduced in 
1985 because it was a leading-edge 
monitor that offered auto-sync 
compatibility with various types of 
PCs and graphics boards. MultiSync 
was the first monitor to standardize 
the Super VGA video mode. 


Multisync continues to set the 
standard for PC monitors. 

Today's enhanced MultiSync displays 
are designed for graphics-intensive 
windowing environments. With flatter, 
squarer screens, they offer brighter, 
sharper, more accurate images. 

MultiSync monitors in the EG Series 
also feature a unique color calibration 
system. The AccuColor™ control system 
allows users to adjust on-screen colors 


at will. The red, green and blue guns 
can be separately controlled in 
precise digital steps. 

Advanced digital controls also 
automatically size and center screen 
images for preset and custom 
graphics modes. 

Ergonomic features range from 
an improved cabinet design to a new 
anti-static, low-reflection screen. 
Reduced Magnetic Field " technology 
lowers ELF and VLF emissions to meet 
Sweden's strict MPR II guidelines. 

NEC's new MultiSync monitors 
are available in 15, 17 and 21-inch 
models. 


C&C for Human Potential 











NUMBER 150 


INMARSAT-M PHONE 
IN A BRIEFCASE 
COVERS THE WORLD. 

R eporters and aid workers 
have a new high-tech com¬ 
munications tooi. NEC's com¬ 
pact INMARSAT-M phone provides 
reliable telephone and facsimile 
services to and from anywhere in 
the world. 

The portable voice terminal for 
the INMARSAT-M satellite communi¬ 
cation service consists of a trans¬ 
ceiver, flat antenna, handset and 
rechargeable battery, all integrated 
in a briefcase-size unit. 

It takes just minutes to set up the 
phone, using a visual indicator to 
align the antenna with the satellite. 
The terminal connects with Gill 
facsimile machines. 

The new INMARSAT-M phone is 
about half the size, weight and cost 
of conventional INMARSAT-A termi¬ 
nals. It will become an indispensable 
tool for professionals working in re¬ 
mote areas where communications 
are unreliable or non-existent. 



NEW ZEALAND 
LAUNCHES 


branches nationwide. Employees call 
simply by dialing extensions. 

New Zealand's AIN integrates 
NEAX61 switches installed in 296 ex¬ 



AIN SYSTEM. 


change offices. AIN runs on NEAX61 
application service processors using 
Stratus fault-tolerant computers and 
its software developed by NEC. 

AIN demonstrates the scope and 
scale of systems that can be imple¬ 
mented with NEC's Customized 
Networking Platform (CNP). 

CNP provides optimum network¬ 
ing solutions and 
hastens the intro¬ 
duction of new 


revenue generat¬ 
ing services. 


T elecom Corporation of New 
Zealand Limited has inaugu¬ 
rated an Advanced Intelligent 
Network (AIN), offering advanced ser¬ 
vices to subscribers across the country. 

The system already provides en¬ 
hanced 0800/0900 numbers and 
automated callin 
services. Coming 
attractions 
include tele¬ 


voting and 
virtual private 
networking (VPN). 

Televoting allows radio/TV 
stations to rapidly poll audi¬ 
ence opinion. VPN transforms 
public lines into a "private" 
network for corporate sub¬ 
scribers. A business can link 


Vr4400 64-bit RISC PROCESSOR. 


N EC has introduced the indus¬ 
try's most powerful processor 
for workstations and servers. 
The new Vr4400, an upgrade of 
the world's first 64-bit RISC micro¬ 
processor, runs at 150MHz internally 
and performs over 100 SPECMark. 

Enhanced features include extra 
on-chip memory capacity. 

The Vr4400 reduces power demands 
with singlechip configuration and 


3.3V or 5V operation. 

An easy design-in, the Vr4400 is 
pin- and software-compatible with 
the Vr4000. The open architecture 
supports both UNIX SVR4 and 
Windows NT. 

NEC offers three versions: the 
standard Vr4400 PC, the Vr4400 SC 
with a secondary cache controller and 
the Vr4400 MC for multiprocessor 
systems. 



















Program notes 


(Continued from p. 15) 

date with the Windows version, revision 
after revision, without having to invest a sig¬ 
nificant amount of time and effort. Contact: 
Technical Support for Mirrors, Micrografx 
Inc., 1303 Arapaho, Richardson, Texas 
75081; 214-994-6659; or circle 110. 


Smarter shapes for the inartistic 

As 50-100-MIPS desktop machines become 
common, programmers need to rethink tra¬ 
ditional programming techniques to ride 
hard on these millions of instructions per sec¬ 
ond (MIPS). Object-oriented operating sys¬ 
tems like NextStep hint at the direction this 
rethinking may t^e—^the realization that 
many of the complex procedures that make 
programming with operating systems diffi¬ 
cult are no longer needed as the operating 
system becomes smarter. Application pro¬ 
grams are starting to take up ±e object-ori¬ 
ented metaphor, too. One example is Shape- 
ware’s Visio, advertised as an “intuitive” 
drawing program for Microsoft Windows. It 
is aimed at those with minimal art skills who 
must prepare graphics for documents or pre¬ 
sentations. 

Visio uses a simplified “drop and drag 
drawing,” in which all drawings are created 


from preexisting images called Smart- 
Shapes. The simplicity lies in the fact that 
the line shape, for example, knows when it is 
attached to the edge of another SmartShape 
and lengthens or shortens as the second 
shape is moved aroimd the page. 

The difference between Visio Smart- 
Shapes and the usual clip art is that each 
SmartShape has a description of itself 
stored in a graphics spreadsheet, called a 
ShapeSheet. Information on dimensions, 
angle and center of rotation, and styles that 
determine the appearance of the Smart- 
Shape are given in the ShapeSheet. Even 
equations can be included. 

Users may also create new SmartShapes 
by creating ShapeSheets. Contact: Shape- 
ware Corp., 1601 Fifth Ave., Suite 800, 
Seattle, Wash. 98101-1625; 206-467-6723; or 
circle 111 


A compiier for Pentium fa.k.a.'58B). 

Intel’s new Pentium microprocessor (com¬ 
monly called the ’586) departs hugely from 
the 80xxx architecture of tradition. In fact, 
several articles in the trade press have 
claimed that programs created by a compiler 
developed specifically for the 80386/80486 
will run more slowly on a Pentium micro¬ 
processor. To get the most out of the Pen¬ 
tium, apparently, programs will have to be 


recompiled using a compiler developed 
specifically for its architecture. 

Watcom International Corp. has just 
announced the first 32-bit commercial 
Fortran compiler that can produce code 
optimized for Pentium, as well as the 80486 
and the older 80386 central processing 
units. Watcom Fortran 77/386 v9.5. Version 
9.5 is a hefty upgrade of Watcom’s 32-bit 
compiler, which supports 32-bit DOS exten¬ 
ders, Windows 3J(, Windows NT, and OS/2 
2X It ships with a debugger, profiler, royal¬ 
ty-free DOS-extender and Windows supervi¬ 
sor—plus necessary portions of the 
Windows Software Development Kit. 

Existing Fortran number-crunching code 
recompiled with the 32-bit compiler may be 
linked to code compiled with Watcom’s 32- 
bit C/C++ compiler. The combination cre¬ 
ates powerful scientific software that will 
run on the most modem processor and take 
advantage of the latest features of new 
operating systems. Contact: Intel Corp., 
3065 Bowers Ave., Santa Clara, Calif 
95051; 408-765-4000; or circle 112. And: 
Watcom International Corp., 415 Phillip St, 
Waterloo, Ont, N2L 3X2 Canada; 519-886- 
3700; or circle 113. 


CONTRIBUTOR: John R. Hines is silicon sensors 
engineer at Honeywell Inc. 's MicroSwitch 
Division, Richardson, Texas. 


Tomorrow's Signal Processing is 
here Today.....DAT5_Plus^ V2.0! 



"the essential tool for anyone who's into data...." 

• Fully Integrated data acquisition and real-time display 

• Unparalleled depth of DSP functions 

• Comprehensive 2D, 3D graphics and reports 

• Spreadsheet, Worksheet and Procedure operation 

• In-depth program development environment 

• Intuitive - works the way YOU work 

CALL TODAY FOR A FREE DEMONSTRATION DISK 

® 201-366-3999 
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With 

Macsyma® 
You Can 
Have It 
All! 



Math Power ■ Graphics ■ Ease of Use 

• Mathematical Power: 

Macsyma® has unique 
capabilities in many areas of 
mathematics 

• Scientific Graphics: Macsyma 
generates spectacular 2D and 
3D color plots and gives you 
simple controls to rotate, 
translate, zoom, and much 


• Ease of Use: Macsyma's on¬ 
line help is a breakthrough. 

- 50 math menus 

- 1,500 hypertext descriptions 

- 600 executable examples 

- 400 command templates 

• Fancy screen display of 
mathematics 

• Available on PC's and most 
workstations 


Some interface features are not available on workstations, 

Macsyma Inc. 

20 Academy Street Arlington, MA 02174-6436 
617-646-4550 FAX: 617-646-3161 
Call l-SOO-macsyma for a free demonstration disk. 
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Reflections 


The performance 
rating 

I ven as the ancient cycle of sow¬ 
ing and reaping has recurred 
from time immemorial, so does 
the modem cycle of the work 
year. You put forth your best 
efforts for a good many months. Then there 
is a mysterious meeting of your managers 
known as the performance review, in which 
your pitiful efforts are judged. This is fol¬ 
lowed by the dreaded notification of your per¬ 
formance rating and the correspondingly 
inadequate raise. The theory is that you will 
reap what you have sown. That’s the theory, 
anyway. 

The reader will be shocked to learn that 
this process is imperfect. At least in agricul¬ 
ture, when you plant potatoes, you get pota¬ 
toes. You may not get anything, of course, but 
you never get a turnip, for instance. 

Alas, in the world of business the laws of 
determinism do not apply. The wonder- I 
fill seed that you have plmted may have ■ 
its beauty only in your own eyes. What 
you see as a potato may be judged to be 
a turnip, and thus a turnip it is. You 
would be well advised to discover in 
advance how this year’s turnip crop will 
be perceived. 

When the time of year is judged to 
be right—when the moon is pale and ■ 
the frost gathers on the pumpkhis—^the I 
managers in their great wisdom meet 
behind closed doors to perform their 
annual ritual. The assembled troops pace 
nervously in the corridors outside, awaiting 
the puff of smoke from the chimney that in¬ 
dicates decisions have been reached. Later, 
of course, these managers will themselves 
pace nervously as their managers gather 
behind closed doors. Nobody should miss 
fun. 


In its zealous quest for perfection, the 
human resources department changes the 
rules for the review every year. Whatever 
the process was the preceding year, it is now 
believed to have b^n a mistake. This is 
because management science finally knows 
the correct way to judge and motivate people 
through performance review. 

In years gone by, people were largely 
spared the exact knowledge of their ranking. 
Of course, they might trade information 
about salary increases with others and make 
assumptions about where they might stand, 
but their rating was not a computable value. 
Then, later, when they were fired for non¬ 


performance, they were greatly surprised 
and angered. “They never told me,” vras the 
cry of feigned disbelief. 

Such anger, together with a court case or 
two, convinced the personnel departments of 
a basic law of human nature. It is:, people want 
to be told. Thus the new rules were pro¬ 
claimed. Everyone would be placed in a well- 
defined category with a specific label. There 
would be no ambiguity about how a person 
was performing in the organization. People 
would be informed of their rating. 

In a typical exchange, the manager looks 
up nervously as John comes in for his annual 
performance evaluation. “Well, John, let’s just 
get right down to business,” he says. ‘Tour 
performance this year has been found to be 
lacking in certain qualities that this company 
values. Consequently, when we assigned per¬ 
formance categories, you were placed in the, 
uh ... the... well, what we have termed the 
‘turkey’ category. Now I hasten to add that 
this rating may not be as bad as it sounds. 


In its zealous quest 
for perfection, 
the human resources 
department changes 
the mles for performance 
evaluation each year 


You’ll find the exact definition in our perfor¬ 
mance rating manual, but at least it places 
you above the ‘lemming’ category, where we 
would, ah ... um ... ask people to leave our 
employment.” 

The supervisor looks quickly at his watch, 
and his eyes nervously glance toward the 
appointment calendar on his desk. “If your 
performance rating improves next year, 
John, I think you might be able to move up to 
the ‘ostrich’ rating,” he says with an encour¬ 
aging smile. 

John frowns slightly, but the beginning of a 
smile starts around his eyes. ‘Thank you, sir,” 
he says. “I am glad to be informed about this 
low rating.” He glances calmly out the win¬ 
dow at the trees in the parking lot, and there 
is a slight pause. ‘It is always good to know 
the truth,” he finishes sincerely. 

Fiction, isn’t it? Let’s get real. What does 
John actually say? 

“What?!” cries John. ‘Tou’ve made a terri¬ 
ble mistake. What is the appeal process? I 


have a list right here of 133 significant 
accomplishments that I made last year. I 
want a transfer! You know what you can do 
with your rating. If anyone is a turkey around 
here, it’s you!” 

From conversations such as this, man¬ 
agers formed their own law of human nature. 
It is: employees will reject the truth. 

Meanwhile, John goes back to his co-work- 
ers to begin his subtle campaign of subvert¬ 
ing the rating system. After all, he’s not going 
to tell his friends that he has been rated a 
‘turkey.’ Instead, he stirs up conversation 
about the rating algorithm. “How do they 
come up with a rating around here?” he asks 
anyone who will listen. “Do they give you so 
many points for a patent and so many for a 
published paper? l^^at happens if you’re in a 
team that does some project? How do they 
divide the credit? They should tell us the 
exact algorithm that they use, so we’ll know 
what counts. This whole process shouldn’t be 
secret. We deserve to know.” 

I From such conversations as this, the 
employees who are being rated form 
their own law of human nature to apply 
to the rating system. It is: the “truth” is 
not the truth. 

Of course, not all employees are get¬ 
ting low ratings. Hank is one of the 
higher-rated people, but his wife senses 
an unusual quiet during dinner. It takes 
some gentle persuasion, but she finally 
gets him to confess that he was 

I informed of his performance rating that 
day. “Well?” she persists. “How did they 
rate you?” 

“I vras classified as a ‘superstar,’” he 
admits shyly. 

“But that’s fantastic!” she exclaims. “Why 
aren’t you happy?” 

“Well, they have these other people that 
they rate as ‘megastars.’ I didn’t quite make 
the cut. It’s really discouraging after all that 
I’ve done. Like, you know, Tom and Elaine— 
they’re megastars, and I’m better than they 
are. I spent the afternoon bringing my 
resume up to date. H the company doesn’t 
appreciate me. I’ll find someplace that does.” 

You would think that Tom and Elaine 
would be motivated by their fantastic perfor¬ 
mance ratings, but Elaine has heard a rumor 
that Tom is also a megastar, and she is 
seething inside. There should be more quan¬ 
tization in the rating system, she believes, so 
that the obvious gap in performance between 
her and Tom would be apparent. 

Perhaps Tom is happy and motivated. It is 
not certain. 


Robert W Lucky 
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SPECIAL REPORT/COMPUTERS 


computers and epidemiology 


Analogies with biological 
disease, with topological 
considerations added, show 
that the spread of computer 
viruses can be contained 



omputer viruses have 
bugged their hosts for half 
a dozen years or so. 
Massive outbreaks have 
been rare. But as society 
comes to rely ever more 
heavily on computers, con¬ 
tagious programs are be¬ 
ginning to seem nearly as frightening as bi¬ 
ological diseases. 

How bad is the problem today? How bad 
might it become? How might company 
managers help ensure safe computing envi¬ 
ronments? For answers to these questions, 
the behavior of computer viruses must be 
understood at two levels: microscopic and 
macroscopic. 

The micro level is the focus of hundreds 
of researchers who dissect and try to kill off 
the dozens of new viruses written every 
month. Thanks to Fred Cohen’s pioneering 
theoretical work, done in the early 1980s at 
the University of California, Los Angeles, 
computer viruses were understood in 
minute detail years before they posed even 
a slight threat. 

In contrast, the macro view of computer 
viruses has lagged. The dearth of infor¬ 
mation about their prevalence was evident 
during last year’s hullabaloo over the 
Michelangelo virus [see “The Michelangelo 
effect,” opposite], during which estimates of 
its prevalence ranged over three orders of 
magnitude. Similarly, very few attempts 
have been made at modeling the spread of 
viruses mathematically, and most of these 
have contained serious flaws. 

The situation is being remedied in two 
ways: by the collection of statistics from 
actual incidents, and by computer simulation 
of virus spread. This epidemiological ap¬ 
proach—characterizing viral invasions at 
the macro level—has led to some insights 
and tools that may help society to cope 
better with the threat (and which may aid 


Jeffrey 0. Kephart, Steve R. White, and 
David M. Chess 

High integrity Computing Laboratory 
iBM Thomas J. Watson Research Center 


the study of biological viruses, too). 

Today, computer virus epidemiology is an 
emerging science that reveals that pro¬ 
tective measures are definitely within reach 
of individuals and organizations. Among its 
findings: 

• Computer viruses are far less rife than 
many have claimed. The rate of PC-DOS 
virus incidents for medium-sized to large 
businesses in North America appears to be 
about one per 1000 PCs per quarter. And 
fewer machines are caught up in a typical in¬ 
cident if anti-virus measures are in place. 

• Few PC-DOS viruses have thrived. Less 
than 15 percent of the more than 1500 
known viruses have ever been observed in a 
large sample population, and most of them 
only once. The top 10 viruses account for 
two-thirds of all incidents. 

• Because software and diskette sharing 
tends to be localized, even successful viruses 
spread at nowhere near the exponential rate 
that some have claimed. This is good news 
for the anti-virus industry, which otherwise 
would have to distribute its software updates 
even more often. 

• Centralized reporting and response within 
an organization is an extremely effective 
defense. These policies have more than 
halved the average incident size within the 
population monitored by IBM Corp., and can 
eliminate chronic infections that may afflict 
even conscientious organizations. 
BIOLOGICAL ANALOGY. Biologists have com¬ 
bined the micro- and macroscopic perspec¬ 
tives on disease to good effect. It turns out 
that biological diseases and computer 
viruses spread in closely analogous ways, so 
that each field can benefit from the insights 
of the other. 

Detailed statistics on disease proliferation 
date from mid-17th century London. The 
first major triumph for empirical epi¬ 
demiology occurred there in 1854 when the 
city was suffering from a severe outbreak of 
cholera. Studying the spread of the intestinal 
disease over time led the physician John 
Snow to suspect that one of the local vrater 
supplies vras to blame. A few days after the 
water source, at his suggestion, was shut 
down, the cholera epidemic subsided. 

A theoretical approach to epidemiology 
was undertaken in 1760, when Daniel 
Bernoulli, one of the founders of mathe¬ 
matical physics, decided to model contagion 
mathematically. A controversial policy for 
controlling the spread of smallpox advocated 
inoculating healthy people with an extract 
derived from the disease’s victims. The mor¬ 


tality rate from inoculation was about 1 
percent, but those who survived emerged 
(after a relatively mild case) with lifelong im¬ 
munity to smallpox. This was considerably 
better than the 20-30 percent mortality rate 
from ordinary smallpox, but it was feared 
that inoculation might ignite too many out¬ 
breaks and cause the death of many people 
who would not have contracted smallpox 
naturally. 

Was the proposed cure worse than the 
disease? The answer could not be divined by 
intuition. Bernoulli evaluated the idea quan¬ 
titatively by developing a mathematical 
model, using data from mortality tables to 
estimate its parameters. From a differential 
equation solution, he concluded that wide¬ 
spread inoculation would increase life ex- 


Defining terms 


Blrlh rate: the rate at which a virus attempts to 
repiicate from one machine to another. 

Compuler virus: a program or piece of a program 
that, when executed, "infects” another part of a 
computing system by making a copy of itseif. Most 
PC-DOS viruses infect boot records of disks, or ex- 
ecutabie programs. 

Death rate: the rate at which a virus is eiiminated 
from infected machines, usually when the user dis¬ 
covers it and cleans it up. 

Epidemic: the widespread occurrence of a disease. 
A disease need not overwhelm a population to be 
epidemic; it must simply spread through some 
fraction of it. 

Epidemic threshold: the relationship between the 
viral birth and death rates at which a disease will 
take off and become widespread. Above this 
threshold, the disease becomes a persistent, re¬ 
curring infection in the population. Below it, the 

Epidemiology: the branch of science that studies 


the spread of diseases. 

Incident rate: the rate at which virus incidents 
occur in a given population per unit time, nor¬ 
malized to the number of machines (computers) in 
the population. 

Infected machine: a computer that contains a 
virus, and can spread that virus to diskettes or other 


computers. 

Prevalence: the degree to which a virus is wide¬ 
spread in a population. 

Topology: in epidemiology, the patterns of contact 
along which diseases spread between individuals 
in a population. 

Virus incideni: the infection of a number of ma¬ 
chines within an organization by a particular virus, 
due to a single initial infection from outside the or¬ 
ganization. 
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The Michelangelo effect 

Never has a computer virus stirred up so muoh 
public hysteria as during the two-week period 
ending on March 6,1992. 

Front-page newspaper stories and evening 
network news shows clamored that a nefarious 
virus was ready to disrupt computers on the March 
6 birthday of Michelangelo. The public was per¬ 
suaded this indeed might be the big one—the 
electronic equivalent of the bubonic plague—with 
millions of machines infected. 

In fact, the number of machines infected by the 
Michelangelo virus was orders of magnitude less 
than one widely quoted estimate of five million, and 
the damage it caused was slight. But, as shown in 
the graph at right, all the publicity had an interesting 
effect on all computer viruses, including Stoned, the 
one most common at the time. 

The rate at which incidents in the population 
sampled by IBM were reported peaked anomalously 
during this period, not because they actually 
surged, but because many viruses that had been in¬ 
fecting machines for some time were finally de¬ 
tected. Many users (both inside and outside the 
sample population of hundreds of thousands of 
PCs) decided to scan their systems out of concern 
about the Michelangelo virus. In some cases, com¬ 
panies spent large amounts of time and money 
doing so. The scanners found any recognizable 
virus in the system, such as Stoned. Consistent 



with this much heightened vigilance was the de¬ 
tection during the four weeks prior to March 6 of 
eleven new viruses in the sample PC population— 
a record high. 

The hysteria had two effects on computer 
viruses. First, because many users scanned their 
machines during the same period, the reservoir of 
viruses was depleted both inside and outside the 


sample population, and many fewer virus incidents 
were reported in the succeeding weeks. Second, the 
increased installation of anti-virus software appears 
to have lowered the equilibrium level of many of the 
most common viruses, about halving their previous 
prevalence. Still, despite some beneficial side 
effects, this kind of hysteria is better avoided. 

—J.O.K., S.R.W., andD.M.C. 


pectancy by three years. (A new type of in¬ 
oculation soon made his analysis moot, 
however.) Thus the macroscopic approaches 
of Snow and Bernoulli proved their value 
even before bacteria and viruses were found 
to be the cause of disease, late in the 19th 
century. 

Not until the 1930s, with the advent of 
electron microscopy and X-ray crystal¬ 
lography, was a start made in elucidating the 
structure of biological viruses. Their life 
cycles and biochemistry have been studied 
intensively since the mid-1940s and have 
been used in tandem with epidemiology to 
prevent diseases. The greatest victory of 
this collaboration was the eradication of 
smallpox in 1977. Rather than attempt to im¬ 
munize the entire world’s population, the 
World Health Organization collected infor¬ 
mation about outbreaks and saw to it that 
only those likely to be in contact with an in¬ 
fected individual were immunized. 

Today, the last specimen of the once- 
mighty virus—^which mothered the in¬ 
vention of inoculation in 10th century China 
and Bernoulli’s invention of mathematical 
epidemiology—^is serving a life sentence in 
a maximum security facility at the Centers 
for Disease Control and Prevention in 
Atlanta, Ga. 

For computer viruses, the microscopic 
view came first, in part because their de¬ 
tailed function and structure is much easier 
to comprehend than those of biological mi¬ 
croorganisms. The world of bits and bytes is, 
after all, man-made. Computer scientists 


have no need of sophisticated and expensive 
tools like electron microscopes, gene se¬ 
quencers, and graduate students to explore 
the inner workings of computer viruses. 
They are happy with a disassembler, a quiet 
room, and a few minutes or hours of staring 
at the virus program logic. 

The synergy between the micro and 
macro views in biology has generated many 
of the 20th century’s most important 
medical advances. The hope is that a science 
of computer virus epidemiology will benefit 
from the same synergy. 

CONSTRUCTING A THEORY. Many, including 
Cohen and W.H. Murray, a well-known 
expert in computer security, have suggested 
applying theories of the spread of disease to 
computer viruses as well. 

One of the simplifications worth bor¬ 
rowing from the biologists is to regard indi¬ 
viduals within a population—in this case, 
computers and associated hard disks, 
diskettes, and other storage media—as 
being in one of a few discrete states, such as 
“susceptible” or “infected.” Details of the 
disease within the individual are ignored (for 
instance, which executable files are infected 
within the computer). 

In epidemiological language, pairs of indi¬ 
viduals have “adequate contact” vrith each 
other whenever one would have transmitted 
a disease to the other if the first had been in¬ 
fected and the second had been susceptible. 
What constitutes adequate contact can vary 
quite considerably from one computer virus 
(or biological disease) to another. The birth 


rate of a virus is the frequency with which 
adequate contact occurs. 

Offsetting the birth rate is the death rate 
of the virus —the frequency with which an 
individual is cured of the infection. De¬ 
pending on the disease in question, an indi¬ 
vidual may become immune to it after in¬ 
fection or, at the other extreme, may 
become susceptible to it again immediately. 

The birth rate of a computer virus is in¬ 
fluenced by anything that hinders or 
promotes its replication, including intrinsic 
mechanisms by which the virus infects 
programs, the rate of software transfer 
among computers, and precautions taken by 
users such as the use of a write-protect tab 
on a diskette or preventive anti-virus 
software. The virus’s death rate is in¬ 
fluenced by intrinsic characteristics that 
might disguise or reveal its presence, by 
user awareness and vigilance, and by its de¬ 
tection and subsequent removal. 

Just as an epidemiological model could be 
formulated by Bernoulli long before anyone 
knew the cause of smallpox, so the com¬ 
puter virus model is independent of what de¬ 
termines these rates. The only need is to be 
able to estimate the rates from empirical 
data. 

A universal feature of the macro models 
is that, regardless of their specifications, 
they behave very differently on either side 
of a sharp threshold (the point at which an 
epidemic either takes hold or fades away). In 
the most common models, a virus can 
spread appreciably among the population 
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only if its birth rate exceeds its death rate. 

Such a situation can be shown in a simple 
simulation of a population of 100 machines 
[Fig. 1, main graph]. Here, an infected 
machine can infect any other machine di¬ 
rectly, and the virus’s birth rate is five times 
its death rate. Exposure creates no im¬ 
munity; machines may be reinfected imme¬ 
diately after they are cured. 

Initially, just one machine is infected. As 
the simulation begins to run, the number of 
those with the virus grows exponentially, but 
levels off when about 80 percent are in¬ 
fected. In this state of equilibrium, four 
out of five adequate contacts produce 
no new infection, because the victim is 
already infected. So, once this level is 
reached, the rate at which new in¬ 
fections occur exactly balances the 
death rate. The equilibrium level 
depends upon the ratio of the birth and 
death rates, and can take on any value 
between zero and 100 percent. 

In some simulation runs, the virus is 
unlucky and dies out before it spreads 
very far. This happens when the virus 
is found and removed before it has reached 
more than a few machines. The extinction 
probability is equal to the death rate divided 
by the birth rate—meaning 20 percent in 
this case. 

On the other side of the threshold, where 
the death rate exceeds the birth rate, the 
virus will be driven to extinction unless some 
other reservoir of infection periodically re¬ 
injects the disease into the population. But 
this will at worst result in small, short-lived 
outbreaks with an average size independent 
of the population size. The inset in Fig. 1 
shows such a situation, where all the para¬ 
meters are as before, except that the viral 
birth rate is only 90 percent of the death 
rate. 

REAL WORLD CORRELATION. The powerful 
concept of an epidemic threshold was dis¬ 
covered by mathematicians early in this 
century. A few years ago, an analysis of 
simple models suggested that the same 
concept should also apply to the spread of 
computer viruses. And indeed, the existence 
of an epidemic threshold is strongly sup¬ 
ported by statistics of thousands of virus in¬ 
cidents over the last five years in the large 
sample population tracked by IBM. This 
unique database is compiled continuously, as 
infections occur, from hundreds of 
thousands of DOS personal computers; the 
sample is international but U.S.-biased, and 
is typical of virus-conscious Fortune 500 
companies. 

In cooperation with other virus collectors 
around the world, IBM’s High Integrity 
Computing Laboratory maintains a col¬ 
lection of PC-DOS viruses, currently in¬ 
cluding more than 1500 different specimens. 
Less than 15 percent of them have been ob¬ 
served in the large sample population, and 
these have rarely appeared more than once. 

The 10 most frequently observed viruses 
in 1992 accounted for two-thirds of all in¬ 


cidents [Fig. 21. The top two—Stoned and 
Form—accounted for about one-third of the 
total. 

In some cases, computer viruses hardly 
spread at all, because they are below the 
epidemic threshold. This concept of 
epidemic threshold is perhaps the first good 
news that has been derived from theoretical 
studies of computer viruses. 

An early theoretical result, derived by 
Cohen, was distinctly depressing. He found 
that an algorithm capable of distinguishing 
perfectly between viral and nonviral pro- 


A popular but misleading 
theory of virus replication 
would have one quarter 
of the world’s 100 million 
PCs already infected 


grams is a logical impossibility. Fortunately, 
his elegant proof [see “No virus detector is 
perfect,” p. 24] has not halted the devel¬ 
opment of reasonably good software pro¬ 
tection against today’s computer viruses. 
MORE GOOD NEWS. For the unattainable goal 
of perfect detection, the threshold theory 
substitutes the achievable goal of pushing 
viruses below the epidemic threshold. It is 
encouraging that this has already been 
achieved for many viruses. 

Once a virus has fallen below the 
epidemic threshold, further effort offers di¬ 
minishing returns (although it does reduce 
the size of any outbreaks due to reintro¬ 
duction of the virus from another reservoir, 
such as infected diskettes in a forgotten 
desk drawer). 

But Cohen’s proof cannot be dismissed so 
easily. Even as workers wipe out one virus, 
others are being written, some of which are 
likely to be above the epidemic threshold 
until anti-virus software is modified to deal 
with them. 

COMMON DEFENSES. The anti-virus tech¬ 
nologies differ in their effects on viral birth 
and death rates. The virus scanner, the most 
common, works hy examining stored 
programs for infection with one of a set of 
known viruses. Scanners often also detect 
slight variants of known viruses. Some even 
incorporate a heuristic fimction, which 
allows them to detect some brand-new 
viruses by guessing at the function of the 
code. 

Scanners excel at raising the virus death 
rate. Someone who installs a scanner and 
uses it at regular intervals—say, once a 
week—^increases the death rate from nearly 
zero to at least, in this case, once a week. A 
resident scanner, which is always active in 
the system examining all programs that are 
loaded, pushes the death rate even higher, 
since the virus is detected (and presumably 


removed) as soon as it is loaded. 

Scanners can also act as filters to de¬ 
crease the viral hirth rate. For example, if all 
new programs arriving at a machine are 
scanned as they arrive, the effective birth 
rate of the machine’s neighbors will be 
lower. 

Traditional access control systems are a 
second kind of anti-virus technology. By pre¬ 
venting unauthorized programs from al¬ 
tering other programs, they can decrease 
±e viral birth rate. Networked systems 
lacking access control could be swamped by 
H a virus within an hour or two. In his 
early experiments, however, Cohen 
showed that even when access controls 
are in place, viruses can spread quickly 
and widely without violating those 
controls. 

A third anti-virus technology, some¬ 
times called integrity management, lies 
somewhere between scanners and ac¬ 
cess control systems. Its strategy is to 
detect and prevent virus spread by 
noticing or preventing the changes 
viruses make to parts of the computer 
system. An integrity management system 
can increase the viral death rate if it notices 
an anomaly due to a virus and alerts the 
user. Conversely, the system may note but 
not warn the user of a change (perhaps 
because the virus has noticed the protection 
and has not tried to spread), in which case it 
is limiting the birth rate. 

While scanners work best against known 
viruses, integrity management systems can 
guard against larger classes of viruses. 
Because they look for general methods that 
viruses use to spread, not for the bit 
patterns that make up the virus code, they 
can be more effective on newly devised in- 
fectors. Their disadvantage is that they also 
flag or prevent legitimate activity, and so can 
disrupt normal work or lead the user to 
ignore their warnings altogether. 
INDIVIDUAL AND COMMUNITY. By using both 
preventive and curative anti-virus tech¬ 
nology in tandem, an individual protects his 
own machine more effectively than by using 
either technique alone. (Simple mathe¬ 
matical models suggest that the synergy is 
much stronger than one might guess.) An 
individual who protects a system out of self- 
interest also benefits the community by re¬ 
ducing the chance of a virus spreading to 
other systems. 

The importance of lowering a virus’s birth 
rate and raising its death rate is well un¬ 
derstood by public health officials. Healthy 
children are inoculated against measles and 
tuberculosis patients take medication in part 
to protect everyone they come in contact 
with. If the steps taken by individuals put 
society as a whole below the epidemic 
threshold, then even the unprotected are un¬ 
likely to become infected. 

Of all of the assumptions woven into the 
fabric of biological epidemiology, the least 
applicable to populations of computers is 
“homogeneous mixing”: the supposition is 
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Time, arbitrary units 

[1] Simulation shows that viruses can proliferate [main graph] or die quickly [inset], depending c 
whether the population is above or below the epidemic threshold. In the main graph, the birth rate 
five times the death rate. The number of infections rises fast and plateaus at about 80 percent of sat- the world is roughly proportional to 


ronments, in which growth is at 
first exponential [Fig. 4], In another 
type of local topology—the two-di¬ 
mensional lattice—the virus’s 
growth is at first merely quadratic. 
Strongly sub-exponential spread 
rates occur in local topologies 
because the virus is forced to cir¬ 
culate in areas that it already oc¬ 
cupies, limiting its access to healthy 
populations. 

In some local topologies, such as 
those in Fig. 4, the equilibrium is 
essentially the same as in a homo¬ 
geneous system. In others, it is 
much lower, and in yet others, the 
number of infections fluctuates 
wildly, never seeming to reach any 
sort of equilibrium. 

CASE STUDY. Virus incident sta¬ 
tistics collected from the sample 
population are very revealing about 
how quickly viruses are spreading 
in the real world and how prevalent 
they have become. It so happens 
that the number of infected PCs in 


uration. (The average duration of infection is one time unit here and in Fig. 4.) 


that every individual in the population is 
equally likely to infect or be infected by 
every other individual. But most individuals 
exchange most of their software with just a 
few others and never contact the majority of 
the world’s population. Also, their exchanges 
tend to be localized: if Alice swaps software 
often with Bob and Carol, chances are that 
Bob and Carol swap software, too. 

What is missing from standard epidemio¬ 
logical theories is this notion of topology— 
the pattern of interaction between indi¬ 
viduals within a population. 

Topological effects are incorporated into 
epidemiological models by representing in¬ 
dividuals as nodes and their contacts as lines 
connecting the nodes. Each line can be char¬ 
acterized with its own viral birth rate, and 
each node with its own death rate. 

Taking topology into accoimt (and it could 
be useful in biological epidemiology as well) 
radically changes the picture of how viruses 
can spread. An enhanced frame from one of 
millions of simulations that have been con¬ 
ducted [Fig. 3] shows 250 individual systems 
out of a total of 10 000 in the population. In 
this example, the individuals tend to form hi¬ 
erarchically nested groups, with the 
members of one group exchanging software 
frequently among themselves, less often 
outside their department, and even less 
often outside their organization. The 
topology in this example is also sparse; each 
individual is in contact with only a few 
others. 

First, consider the effect of sparsity. 
Suppose each individual has potentially in¬ 
fectious contact with 52 randomly chosen 
neighbors. They interact randomly on 
average once a year with each neighbor. 
Now imagine a sparser topology in which 


each individual has just one neighbor, con¬ 
tacted on average once a week. 

In both cases, the overall birth rate is 
once per week. Analysis and simulation 
show that in the first scenario the epidemic 
threshold occurs when the death rate equals 
the birth rate—once per week. (This is pre¬ 
cisely what the homogeneous mixing ap¬ 
proximation would predict.) In the sparser 
topology of the second scenario, analysis and 
simulation show that an epidemic can occur 
only if the death rate drops below three per 
week. In general, bottlenecks hamper viral 
spread in sparse topologies, to the extent of 
preventing it entirely or making it less per¬ 
vasive than in dense topologies. 

Localization has a different effect. Viruses 
spread more slowly in localized than in ran¬ 
domized or homogeneously mixed envi- 


the number of incidents observed in 
the sample population. 

What is the proportionality constant? It 
can be estimated for North American 
business sites vidth 100 or more PCs. This 
sector of the world vras studied by the 1991 
Virus Prevalence Survey conducted by 
Dataquest Inc., the market research firm in 
San Jose, Calif. 

Two conclusions may be drawn by re-in- 
terpreting the raw data, which was supplied 
by Peter Tippett of Certus, a division of 
Symantec, namely, that the incident rate was 
about the same as in the sample population, 
and that an average of about three or four 
were infected in the course of an incident. 
Thus a rough estimate of the rate at which 
a given virus infects machines in this type of 
environment can be obtained by multiplying 
the measured incident rates by a factor of 
three or four. 


Most common PC viruses in sampie in 1992 


Flip-2153 

Tequila 



Fraction of incidents in 1992 sample population 

[2] Most incidents in the large IBM PC sample are caused by a small percentage of the m 
than 1500 known viruses. The data shown are for 1992. 
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Figure 5 shows the observed incident 
rates as a function of time for some of the 
most common viruses. During 1990 and 
1991, the Stoned, 1813 (also known as 
Jerusalem), and Joshi viruses proliferated at 
a far less than exponential rate (perhaps 
roughly linearly) for a year or two. Then 
they leveled off at a few incidents per 10 000 
PCs per quarter. 

The Form virus began slowly, but in the 
third quarter of 1991, it began to take off as 
strongly as the Stoned virus had in early 
1990. It is rumored that the Form invaded 
the master diskette used by a software dis¬ 
tributor. The diskette duplicator may have 
saved the virus the trouble of copjdng itself, 
injecting maybe thousands of infected 
diskettes into the world. This blunder could 
easily have given Form the impetus to 
surpass Stoned last summer, when it 
became the world’s most prevalent virus. 

None of the viruses in the IBM sample 
population is multiplying at anything like an 
exponential rate, supporting the intuitive 
notion that software exchange is highly lo¬ 
calized. This is good news. One widely pub¬ 
licized theory of computer virus replication 
implicitly assumed homogeneous mixing, 
predicting exponential growth for all viruses. 
In 1991, its author estimated that the 1813 
(Jerusalem) virus had an exponential 
doubling time of, at most, 2.6 months, and a 


population of at least 500 as of October 1989. 
Extrapolating from this, by April 1993 over 
25 million PCs—one fourth of the world’s 
total—^would be infected by the 1813 virus! 

Because of the nature of the virus, that 
level of infection would have crippled the 
PC-DOS world because a bug in the 1813 
virus causes it to reinfect some programs. 


No virus detector is perfect 

In his pioneering theoretical study of computer 
viruses, Fred Cohen demonstrated that there is no 
general procedure that can discriminate perfectly 
between viruses and non-viruses. He used the fol¬ 
lowing informal argument: 

Suppose that there is a general procedure D 
which takes any given program P as input and 
returns the value true if and only if P is a virus. Now 
consider a program P that contains the following 
logic: 

if (D(P) = false), then 
infect some chosen executable 
if(D(P) = toe),then 
do not infect anything 

Thus P is a virus if D says it is not, and P is not a 
virus if D says it is. By contradiction, such a general 
procedure D is not possible. (A more rigorous 
proof appears in Cohen's Ph.D. thesis from the 
University of California, Los Angeles, in 1983.) 

—J.0.K.,S.R.W.,andD.M.C. 


[3] This frame from a viral 
spread simulation typifies 
an organization where 
each individual exchanges 
software and diskettes with 
an average of three others. 
Sparsely connected, lo¬ 
calized topologies such as 
this hinder widespread in¬ 
fection. Blue and red nodes 
represent uninfected and 
infected individuals, re¬ 
spectively. 


Acquiring 1813 additional bytes every time 
they become infected, these programs even¬ 
tually overflow the conventional 640 
kilobytes provided by DOS, and can no 
longer run. Fortunately, the prediction of 
runaway infection was wildly inaccurate. In 
fact. Fig. 6 suggests this virus is on the 
decline, and that the war of 1813 is turning in 
the community’s favor. 

That even the most common of viruses 
are not very common is also good news for 
users. Just before the Michelangelo scare in 
early 1992, the Stoned incident rate ap¬ 
peared to be leveling off at 0.2 incident per 
1000 PCs per quarter. Assuming that each 
virus incident affects three or four ma¬ 
chines, Stoned was infecting under 0.8 of 
every 1000 PC-DOS machines per quarter in 
business environments. To obtain the 
fraction of machines infected with Stoned at 
a given moment in time, this 0.8 should be 
multiplied by the average duration of in¬ 
fection. Assume (generously) that this is half 
a year. Then far fewer than 1.6 in 1000 of 
these machines would have fallen prey to 
Stoned at any given moment during late 
1991. In certain other environments, such as 
universities, the average incident size and 
duration may be much larger; the per¬ 
centage of infected machines would be cor¬ 
respondingly higher. 

As pleasing as it is to users and the anti- 
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virus community, the low level at which 
viruses plateau is puzzling. The simplest 
models yield as low an equilibrium only when 
the birth rate barely exceeds the death rate. 
Can every single one of the most successful 
viruses be so delicately balanced on the edge 
of becoming epidemic? What mysterious 
force is preventing rampant plagues? 
Something important is surely missing from 
the simple model. 

Perhaps it’s the human element. When a 
person encounters a computer virus, or 
hears a colleague has fallen victim to one, he 
or she becomes more vigilant (most 
probably through the purchase of anti¬ 
virus software). Unlike exposure to hi- 
ological diseases, contact with one "" 
computer virus can actually confer im¬ 
munity on all the computer viruses the 
anti-virus software can handle. Next, 
victims sometimes tell their friends, 
who then rush to check their ovra ma¬ 
chines for infection. New models in¬ 
corporating this effect show that word 
of mouth is surprisingly powerful even 
when not used to its full extent. A 
similar principle can engender sue- 
cessful anti-virus policies, as shall be 
seen shortly. 

STEPS FOR COMPANIES. The new under¬ 
standing of viral epidemiology can enable ef¬ 
fective antiviral policies for companies. 
From a company’s perspective, its machines 
are under constant attack from the outside 
world [Fig. 6 again]. Sooner or later, a 
computer virus will find its way inside. The 
rate at which this occurs depends on the 
number of infections in the world, the 
number of company machines, the fre¬ 
quency of software exchange between the 
company and the outside world, and the ef¬ 
fectiveness of the company’s precautionary 
measures. 

The invasion marks the beginning of a 
virus incident. The virus may then spread to 
several more computers within the company 
before it is discovered. Once all the ma¬ 
chines it has infected are found and cleaned 
up, the incident is over. The total number of 
machines infected is referred to as the size 
of the incident. 

An organization should have two comple¬ 
mentary goals: to reduce the influx of 
viruses and to stop those that get in from 
spreading. Epidemiology has much to say 
about how the second objective should be 
achieved. 

The best approach a company can take 
today is to encourage users to inform a 
central agency about their machines’ in¬ 
fection, and to have the central agency 
respond by helping those users clean up 
their machines and then check neighboring 
machines for infection. The sample popu¬ 
lation tracked by IBM has been doing this 
for several years. (It is a shame that some 
organizations do exactly the opposite: pun¬ 
ishing employees whose machines are found 
to be infected!) 

The effect of this policy can be dramatic. 


Suppose that the company has no organized 
anti-virus policy. It is likely that Form, 
Stoned, and other viruses that are above the 
epidemic threshold in the rest of the world 
will also be above the threshold inside the 
company. Once such a virus gets in, it has 
the potential to ignite a pervasive, persistent 
infection similar to the above-threshold case 
of Fig. 1. Even companies that have dis¬ 
tributed anti-virus software widely within 
their organizations could be at risk. 

With effective central reporting and re¬ 
sponse—^where the entire incident is cleaned 
up as soon as any machine is found to be in- 


Complete eradication 
of all viruses is 
impossible, but they 
can be reduced 
to the nuisance level 


fected—^the situation is similar to the below- 
threshold case in Fig. L Mathematical anal¬ 
ysis shows that this occurs even if the virus’s 
birth rate exceeds its death rate. There are 
two desirable consequences. First, the aver¬ 
age incident size remains quite small, no 
longer scaling with the size of the organi¬ 
zation. Second, the incident is finite in du¬ 
ration, rather than infinite. 

Experience confirms the value of central 
reporting and response, coupled with the 
dissemination of anti-virus software. While 
these policies were being instituted within 
the sample population, the average incident 
size was 3.4 PCs. More than five PCs were 
involved in 12 percent of the incidents, but 
these large incidents were responsible for 


60 percent of all machine infections [Fig. 7]. 

Once the policies were firmly in place, the 
percentage of large incidents fell. In 1992, 
the average incident size was less than 1.6 
PCs. Only 2.5 percent of the incidents were 
large, and they accounted for just 27 percent 
of all machine infections [Fig. 8]. 

Even within the sample population, in¬ 
fections sometimes persist in an organi¬ 
zation. When the number of reports of a par¬ 
ticular virus in a particular location is well 
above the statistical average, the virus may 
be spreading internally, rather than pene¬ 
trating repeatedly from the external world. 
Resources can then be marshalled to 
help that organization quell the incident. 

Accurate statistics thus help a 
company to focus its anti-virus re¬ 
sources on the areas that need them 
most, keeping costs down. They also 
help a company to monitor its own 
progress in reducing the influx of 
viruses (through the measured incident 
rate) and in limiting internal spread 
(through the measured average in¬ 
cident size). 

__ As a final, powerful argument for 
central reporting and response, recall 
the World Health Organization’s sensational 
victory over smallpox, in which an analogous 
strategy of well-targeted immunization 
played a key role. 

PROSPECTS. The new science of computer 
virus epidemiology has already yielded a 
much better understanding of viral spread, 
the factors governing it, and how to control 
it. In order to make theories more quantita¬ 
tive and predictive, ways must be found of 
characterizing the world’s software ex¬ 
change. From user surveys and automatic 
monitoring techniques, we hope to learn 
enough about individual behavior to further 
influence virus trends occurring within or¬ 
ganizations and indeed throughout the 
world. 



[4] The extent to which a virus spreads depends strongly on the degree of localization 
of the patterns of interaction. In each simulation run, one of approximately 10 000 
individuals was infected initially, and the birth rate was five times the death rate. 
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Complete eradication of all viruses is im¬ 
possible as long as there are malicious pro¬ 
grammers. Combining microscopic and 
macroscopic solutions, however, holds out 
the hope of reducing the problem to the 
nuisance level. 

TO PROBE FURTHER. The microscopic view of 
biological viruses can be foimd in Viruses, by 
Arnold J. Levine (Scientific American 
Library, W. H. Freeman, New York, 1992). 
The macroscopic view of diseases is de¬ 
scribed in Plagues and Peoples, by William 
H. McNeill (Doubleday, New York, 1977). 

The classic textbook on mathematical 
epidemiology is Norman T.J. Bailey’s The 
Mathematical Theory of Infectious Diseases, 
now in its second edition (Oxford University 
Press, New York, 1987). An illustrated 
account of modern-day practical epi¬ 
demiology is given in the article “The 
Disease Detectives,” by Peter Jaret, Nation¬ 
al Geographic, January 1991, pp. 114-140. 

Computers & Security, Vol. 6 (February 
1987) contains the article by Fred Cohen 
that defined computer viruses as they are 
known today: “Computer Viruses: Theory 
and Experiments,” pp. 22-35. 

IEEE Spectrum previously examined data 
security in general, and the microscopic 
view of viruses in particular, in a multi-part 
special report in August 1992. 

More detailed versions of the authors’ 
macroscopic virus studies can be found in 
t\ie Proceedings of the 1991 IEEE Computer 
Society Symposium on Security and Privacy, 
Oakland, Calif., May 20-22, 1991; in the 
Proceedings of the Fourth and Fifth Annual 
Computer Virus and Security Conferences, 
New York City, March 14-15, 1991, and 
March 12-13,1^2; and in the Proceedings of 
the Second International Virus Bulletin 
Conference, Edinburgh, Scotland, Sept. 2-3, 
1992. 
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ADVANCED TECHNOLOGY/SOLID STATE 


Blue lasers on the horizon 



Lasers and LED display 
devices based on II-VI 
semiconductors are among 
the brightest hopes of electro- 
optical research 

emiconductor lasers are 
among the most useful cre¬ 
ations of solid-state physics. 
Compact and highly ef¬ 
ficient, these minuscule 
marvels are the beacons 
that shine through long¬ 
distance optical fibers and 
the styli that read compact and other optical 
discs. Increasingly, they are critical com¬ 
ponents of high-speed data backplanes in 
computers, and before long, large arrays of 
them will be linking the machines over 
greater and greater distances. 

If there is anything we would change about 
them, it is their wavelengths: we would make 
them shorter. The technological and com¬ 
mercial implications would be extraordinary: 
much greater data densities on the discs, to 
name just one. Some of the most intense and 
fascinating research in semiconductor tech¬ 
nology concerns this very problem, and at 
long last, a solution seems within reach. 

This bright development in electro¬ 
optics is due to a rapid succession of 
breakthroughs, each remarkable in its 
own right. One was the discovery, 
scarcely three years ago, that nitrogen 
could be used as the long-sought p-type 
dopant for the semiconductor materials 
viewed as the most likely emitters of 
blue light. Other advances included an 
improved understanding of quantum 
wells, and the application of epitaxial de¬ 
position techniques, particularly mo¬ 
lecular beam epitaxy, to form extremely thin 
layers of different semiconductor materials. 
Finally, new materials engineering techniques 
have been developed to minimize mis¬ 
alignments at the interfaces of these thin, 
crystalline layers. 

Using these techniques, our group, as well 
as researchers at 3M Co.’s research labora¬ 
tories in St. Paul, Minn., recently fabricated 
semiconductor diodes that emitted pulses of 
coherent blue-green light at room temper¬ 
ature. These lasers have also been operated 


continuously at the liquid nitrogen tempera¬ 
ture of 77 K, both by us and by other re¬ 
searchers in the United States and Japan 
[Fig.l]. 

For those in need of compact sources of 
coherent blue or blue-green light, this is good 
news indeed. There are alreacfy many obvious 
uses for such lasers. Besides the applications 
in data storage already mentioned, blue- 
light-emitting semiconductors could be used 
in bright, sharp red-green-blue display 
devices and in medical diagnostic systems. 

In terms of the familiar compact-disc 
players, halving the wavelength by moving to 
the blue would instantly quadruple the data 
density that could be read by the system. 
Consequently, compact discs could either 
store more than 2600 megabytes rather than 
the current 650 MB, or disc size could be 
reduced significantly. Perhaps, too, digital 
image storage and playback could become an 
alternative to conventional photography. 

Today, applications demanding blue or 
blue-green laser radiation can only be imple¬ 
mented with a gas laser. The commonest is 
the argon-ion laser. But its need for a power 
supply larger than a desktop computer rules 
it out wherever size, weight, or cost must be 
minimized—in compact-disc players, say. 
TRUE BLUE QUEST. Why has a compact, low- 
cost source of coherent blue light proved so 
elusive? The answer lies in the physics of 
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At last, a practical 
blue-green 
semiconductor 
laser may be at hand 


Robert L. Gunshor, Nobuo Otsuka Purdue University 
Arto V. Nurmikko Brown University 


semiconductor laser diodes. These devices 
have the same elements as the much larger 
gas lasers—a region of optical gain where 
photons multiply and an optical wave prop¬ 
agates, and a feedback system to convert tWs 
photon amplifier into an optical oscillator. 

A semiconductor diode is produced by 
joining two different materials, n-type and p- 
type, each created by doping the material 
with trace impurities. The n-type has an 
excess of electrons, whereas the p-type has a 
surfeit of holes. (Holes are vacancies in the 
electron population of the outer energy levels 
of the atoms making up the crystalline semi¬ 
conductor.) Forward-biasing such a p-n 


junction greatly increases the number of 
electrons on the p side and holes on the n 
side, in effect forcing electrons and holes to 
meet and recombine. Under certain con¬ 
ditions, the energy of these recombinations is 
released as coherent light. 

This phenomenon is responsible for the 
gain in a laser diode. The amount of energy 
released by a recombination—the energy of 
the photon emitted, in other words—is ap¬ 
proximately equal to the bandgap energy of 
the semiconductor material at the point 
where recombination occurs. This bandgap 
energy is what carries an electron from the 
valence band (the energy of the electrons in 
the outer shell of an atom) to the conduction 
band, the next higher band of allowed en¬ 
ergies. When radiative recombination occurs, 
an electron falls back into a vacant site in an 
atom’s outer shell, and a photon is emitted. 

Today’s crop of commercial semiconductor 
lasers is based on gallium arsenide (GaAs) 
and other compounds uniting chemical el¬ 
ements from columns HI and V of the pe¬ 
riodic table. These micro- to millimeter-sized 
devices emit coherent infrared or red wave¬ 
lengths, and, as far as material and device 
technologies go, are quite mature. In p-n 
junction devices, their efficiency can exceed 
50 percent, as measured by the conversion of 
electrons to monochromatic photons. 

BIG BANUGAP. As for shorter-wavelength 
optical emitters, the prime candidates 
for at least 30 years have been the H-VI 
compound semiconductors, specifically 
those, such as zinc selenide (ZnSe) and 
zinc sulfide (ZnS), with relatively high 
bandgap energies, in excess of 2.5 eV. 
But they proved hard to make. It was 
difficult to control their electrical prop¬ 
erties by selective impurity doping, and 
impossible to limit defects. 

Further complicating the situation 
was the fact that not all the compounds 
of interest even possessed the same crystal 
structure, or phase. All practical laser devices 
are based on heterostructures, in which two 
different semiconductors meet one another 
in a single crystal at a boundary called a het¬ 
erojunction. This boundary is crucial to the 
device’s electro-optical properties, not least 
because differences in energy gaps along the 
boundary permit confinement of electrons 
and holes, while differences in the refractive 
index are exploited to guide the emitted light 
waves. 

FABRICATION BREAKTHROUGH. Still, because of 
the frustrations endured with conventional 
crystal-growth methods, the H-VI materials in 
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[1] In 1991, the first practical semiconductor lasers emitting blue light were demonstrated, 
this one by a team from Brown and Purdue Universities. 


the early 1980s appeared fated to remain sci¬ 
entific curiosities. But in the last few years 
major new departures in the synthesis of 
these compounds and new ideas for het¬ 
erostructure devices began reviving interest 
in the field. 

Interest was further piqued by a proof-of- 
concept demonstration of blue-green diode 
lasers (and light-emitting diodes) in the 
summer of 1991 Working independently, a re¬ 
search group at 3M Corporate Laboratories 
in St. Paul, Minn., and a team from Brown and 
Purdue Universities achieved laser operation 
in ZnSe-based heterojunction diodes. Within 
the past year, another half a dozen groups 
located in Japan (Matsushita Electric In¬ 
dustrial, NTT, Sony), the United States 
(North Carolina State University, Raleigh; 
Philips Laboratories in Briarcliff Manor, N.Y.), 
and Scotland (Edinburgh’s Herriott-Watt 
University) have also demonstrated diode 
laser action in this and related material con¬ 
figurations. By now, industrial laboratories 
around the world have stepped up or initiated 
work on wide-bandgap semiconductor 
devices. 

During the early efforts to develop the H- 
VI technology, semiconductor crystal samples 
were usually grown in bulk. But these bulk- 
grown crystals generally suffered from too 
many defects, as well as heavy concentrations 
of background impurities. Roughly 10 years 
ago, therefore, an effort was made to develop 
nonequilibrium growth methods for the wide- 
bandgap n-VI materials. These new growth 
techniques were organometalic vapor phase 
epitaxy deposition (OMVPE), and molecular 
beam epitaxy (MBE). Although a few current 
n-VI efforts emphasize semiconductor crystal 
growth by OMVPE, the recent break¬ 
throughs derive from MBE. 

MBE makes use of a kind of elaborate 
evaporator in which an ultrahigh vacuum 
keeps stray impurities at bay as a semicon¬ 


ductor film is grown. The film’s desired con¬ 
stituents are obtained from solid-source ma¬ 
terials such as elemental zinc, selenium, and 
cadmium, which are placed in individual ovens 
and heated. The vapor emanating from each 
oven is controlled by a shutter; closing the Cd 
shutter results in the growth of ZnSe, while 
all three vapor sources would be used to grow 
crystals of the ternary alloy. 

A crucial feature of MBE is that it can 
produce layered structures from several dis¬ 
similar semiconductor constituents, all adding 
to a “superlattice” composite and with 


thickness control on the scale of an individual 
atomic monolayer. 

This ability to deposit thin layers is im¬ 
portant. Narrow electron- and hole-confining 
layers, known as quantum wells, enhance the 
radiative recombination probability of the 
electrons and holes in a fundamental way due 
to the behavior of these particles when 
confined to the narrow space of these weUs 
[Fig. 21. In a laser diode, the well is positioned 
between the n- and p-type sides, and these 
confining barriers force electrons and holes 
together, speeding their radiative recombi¬ 
nation. A device may have more than one 
quantum well, depending on a variety of 


Quantum mechanical effects confer 
further advantages on the quantum well—^an 
effective bandgap greater than that of the 
material from which it is formed, and a 
bandgap energy that increases as the well’s 
width (typically 6-10 nm) is decreased. An ad¬ 
ditional requirement for an efficient laser 
diode is that the optical wave amplified in the 
gain region (quantum well) is itself also 
confined, by optical waveguidmg, to the well 
region. This means the index of refraction 
must be higher for the well than for adjoining 
regions of the device. 

In the blue-green diode lasers, the quan¬ 
tum wells are composed of a crystalline alloy 
consisting of mostly zinc selenide with 
cadmium atoms replacing zinc in random 
sites. This alloy, which is compactly written as 
(Zn,Cd) Se, has a narrower bandgap than the 
adjacent ZnSe or Zn(S,Se) barrier layers. The 
structure also serves an optical purpose: the 
cadmium-containing alloy embodying the 
quantum well has a larger index of refraction 



[2] The salient features of the U-VI laser diode [above right] include a gallium arsenide sub¬ 
strate, through which electrons are introduced, and a graded contact layer, where holes are 
injected. The energy band diagram [above left] shows the various energy levels of the consti- 
tutent semiconductor materials in the diode. In the diagram, electrons tend to fall toward 
the bottom of the page, while holes tend to rise toward the top. They meet in the quantum well 
(of which topically there are one to six) to produce the coherent photons for lasing. The energy 
of the photon created is represented by the vertical height of the blue of the quantum well. 
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than the barrier layers, so the photons 
emitted by radiative recombination tend to be 
guided along the quantum well regions. 

The ability of the (Zn,Cd)Se quantum well 
to confine holes and electrons—even at room 
temperature and beyond—^is traceable to the 
conduction- and valence-band alignments (or 
rather misalignments) between the Cd-con- 
taining alloy and adjacent layers of ZnSe or 
Zn(S,Se). 

All the blue-green laser devices reported 
to-date are grown on GaAs substrates, 
because large wafers of high-quality, single¬ 
crystal ZnSe are not yet available. Still, a for¬ 
tuitous side effect of using GaAs sub¬ 
strates is that it enables ftese E-VI 
optical devices to be integrated with 
GaAs-based electronics. 

One of the remaining materials engi¬ 
neering challenges is to minimize misfit 
dislocations, which form when crystals 
of different lattice dimensions are 
layered. Such dislocations are anathema 
to optical devices because they are 
potent nonradiative centers and in¬ 
crease the electrical resistance of the 
device; in the worst case, they can even 
cause a laser to fail completely. Methods 
of configuring laser and light-emitting diode 
structures so that integration with GaAs is 
achieved with a minimum of dislocations do, 
however, exist. 

To summarize, the key components of 
most semiconductor lasers, whether a E-VI 
or EI-V device, are an active quantum-well 
region, a p-n-junction heterostructure, elec¬ 
trical contacts to an external power supply, 
and the substrate^uffer layer on which the 
lasers are grown. 

DOPING ISSUES. For both fundamental 
physical and practical reasons, the n-type 
doping of ZnSe is fairly easily accomplished, 
while p-type doping has historically presented 
a challenge. The first real candidate for the p- 
doping of ZnSe was lithium. Unfortunately, 
lithium threatened the stability of device 
structures because, as ±e second smallest 
atom in the periodic table, it diffuses all too 
readily in a host crystalline lattice. 

In 1990 research groups led by Robert 
Park at the University of Florida, Gainesville, 
and Kazuhiro Ohkawa at Matsushita Electric 
Industrial Co.’s research laboratories in 
Osaka, were the first to succeed in p-doping 
ZnSe. Both groups used a nitrogen plasma 
source developed by Oxford Applied Re¬ 
search in Oxford, England, for application in 
high-vacuum systems; the growth technique 
employed was MBE. In fact, the nitrogen 
doping, presently reaching free hole concen¬ 
trations of around 10'® per cubic centimeter, 
works for both ZnSe and the wider-gap alloy 
Zn(S,Se). Thanks to this doping break¬ 
through, useful E-VI p-n junction devices 
could at last be built. (Chlorine was the n-type 
dopant.) 

QUANTUM WELL EFFECTS. Since about 1985, 
when optically pumped lasing of a ZnSe-based 
quantum weU structure at 77 K was demon¬ 
strated at Purdue, research efforts have been 


focused on many different E-VI quantum weU 
systems in hopes of discovering an electron¬ 
ically and optically optimal structure that 
would lead to a room temperature laser. 
Eventually, after systematic studies of the 
basic electronic and optical properties of nu¬ 
merous layered combinations, a potentially 
useful quantum well heterostructure emerged 
The MBE growth of the (Zn,Cd)Se/ZnSe 
quantum well configuration was first demon¬ 
strated by Nitin Samarth and Jacek Furdyna 
at the University of Notre Dame in Indiana, 
while experiments by the group at Brown 
University identified this system as a strong 


new candidate for useful confinement of elec- 
rons and holes. This group employed optical 
absorption studies that showed how the con¬ 
finement strongly enhanced the coupling 
between the electrons and holes in the 
(Zn,Cd)Se quantum well. 

In most semiconductors, and especially the 
E-VI compounds, electrons and holes tend to 
pair off at low temperatures, forming a hy- 
drogen-atom-like entity called an exciton, in 
which the electron orbits around the hole. 
This coupling increases the tendency for the 
two particles to recombine and emit a photon. 
An electron not coupled to a hole in this way 
is more likely to encounter a nonradiative re¬ 
combination center; it will still return to the 
valence band, but the bandgap energy will be 
converted to heating the crystal instead of 
emitting a photon (thus degrading the overall 
efficiency of the semiconductor). 

The (Zn,Cd)Se quantum wells enhance the 
electron-hole coupling of the exciton to such 
an extent that it can survive the thermal vi¬ 
brations of the crystal lattice, even beyond 
room temperature. In previous wide-bandgap 
E-VI quantum wells, the excitons were disso¬ 
ciated well below room temperature, so that 
the chance of enhanced probabilities of ra¬ 
diative recombination was lost. But with the 
newer diodes based on (Zn,Cd)Se/ZnSe quan¬ 
tum well systems, laser operation at 77 K by 
optical pumping methods was demonstrated 
in 1990 at Brown, followed by pulsed room- 
temperature lasing a few months later. 

One consequence of two-dimensional elec¬ 
tronic confinement in a wide-bandgap E-VI 
semiconductor quantum well is that the elec¬ 
trostatic interaction between ±e electrons 
and holes becomes particularly potent, re¬ 
sulting in both increased exciton binding 
energy and increased probability for radiative 
recombination. At the same time, the ionic 


nature of the materials implies that, at other 
than cryogenic temperatures, the excitons 
may be pulled apart by the strong interaction 
of the lattice vibrations (specifically the “elec¬ 
trically active” longitudinal optical phonons). 
Provided that the quantum well confinement 
is strong enough, though, many excitons in a 
(Zn,Cd)Se quantum well can survive the 
thermal dissociation, and even dominate 
optical absorption and spontaneous emission 
(luminescence) right up to room tem¬ 
perature. 

Recent spectroscopic work in our labora¬ 
tories has suggested that the excitonic aspect 
also enters into the mechanism for gain 
in the blue-green laser diodes. In a con¬ 
ventional EI-V laser diode, the gain is re¬ 
alized in the form of a degenerate (high- 
density) electron-hole plasma in which 
radiative recombination occurs to 
produce photons. In the case of GaAs, 
for example, the typical carrier density 
is high enough simply to screen the ex¬ 
citons out of existence. On the other 
hand, experiments on the (Zn,Cd)Se 
quantum well system indicate that, 
because of their greater robustness, the 
excitons contribute the most to optical 
gain at 77 K and may still do so to a significant 
extent at room temperature and heyond. 

There is more than scientific interest in 
such a novel mechanism for semiconductor 
laser action. The exciton’s inherently large 
oscillator strength can reduce the injection 
level necessary for laser operation weU below 
that needed in the electron-hole plasma case. 
INTEGRATED DESIGN. Like the longer-wave- 
length EI-V diode lasers and LEDs, the E-VI 
light emitters are designed by closely inter¬ 
relating electrical and optical considerations. 
Good electronic confinement improves the 
gain characteristics of the quantum weU’s in¬ 
jected 2-D electron-hole population, \^dlUe re¬ 
ducing ±e leakage currents caused by 
carriers that manage to bypass the weU. 
Equally important is optical confinement in a 
waveguide surrounding the quantum weU so 
that the amplified optical electromagnetic 
field is perforce concentrated in the weU, 
where the gain mechanism is centered. 

In device fabrication, the ionic nature of 
ZnSe and its aUoys lends them a britffeness 
that demands extra care in choosing pro¬ 
cessing techniques. While the detailed ar¬ 
rangements are part of ongoing research, 
each of these imposes special conditions on, 
and presents challenges to, the new devices. 

Practical obstacles to realizing optimal 
designs for the active region in the blue- 
green laser diodes include: the difficulty of 
matching E-VI layers, both to each other and 
to the GaAs substrate; the rather smaU index 
of refraction contrasts (required for optical 
waveguiding) between constituent layers; and 
the need to adequately confine both holes and 
electrons in the quantum weU. 

Also, whUe the active hole concentrations 
achievable with p-type doping of ZnSe are 
reasonable, the mobilities of these holes 
within the semiconductor are distressingly 


Fabrication of the 
blue light emitters had 
to await discovery 
of a practical 
p-doping technique 
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below theoretical predictions. Furthermore, 
heat generated by the diodes’ relatively high 
resistivity remains troublesome. Another 
problem arising from the still imperfect elec¬ 
trical properties concerns the excessive op¬ 
erating voltages of 9-15 V. 

To keep these difficulties in perspective, 
however, bear in mind that until 1990, there 
was almost no hard data on the transport of 
holes in p-ZnSe! Indeed, techniques reported 
last summer for forming ohmic contacts, de¬ 
scribed later, present the first opportunity for 
the systematic study and optimization of hole 
transport in ZnSe and related compounds. 
INITIAL PERFORMANCE. The first laser diode 
heterostructures, fabricated in the summer of 
1991, contained one or more quantum wells of 
(Zn,Cd)Se surrounded by barrier layers of 
ZnSe and/or Zn(S,Se). In these devices the 
group at 3M and the Brown-Purdue team ob¬ 
tained pulsed laser operation first at 77 K, and 
then at room temperature. The practicality of 
the device structures was made all the more 


These chambers are connected by an ul- 
trahigh-vacuum transfer system. The light- 
emitting devices employing these structures 
were constructed and evaluated at Brown 
University. 

One of the most important aspects of 
device fabrication is minimizing mismatches 
at the boundaries between different crys¬ 
talline semiconductors. Dislocations occur 
when the total strain energy in a thin semi¬ 
conductor layer, or film, exceeds some 
threshold; the greater the mismatch between 
two lattices, the larger the strain as one layer 
tries to conform to the other. During film 
growth, the formation of misfit and threading 
dislocations arising from lattice constant 
mismatch to the GaAs substrate was min¬ 
imized by growing the E-VI active region on 
an appropriate (In,Ga)As buffer layer and (in 
the case of the structures containing sulfur) 
by correct choice of the fraction of sulfur in 
the crystal. 

The lattice mismatch strain in the het¬ 
erostructure devices has a number of impli¬ 
cations. First, the typical mismatch between 

Conduction band 


(Zn,Cd)Se and ZnSe is of the order of 1 
percent, while that between ZnSe and GaAs 
is about 025 percent. The former implies that 
only a few quantum wells (typically 7.5 nm 
thick) can be incorporated wiAout exceeding 
the threshold for the formation of misfit dis¬ 
locations. 

Furthermore, although the mismatch 
between the lattice constants of ZnSe and 
GaAs is a mere 0.25 percent, the critical 
thickness for a ZnSe layer grown on GaAs is 
only about 150 nm, while a typical laser diode 
structure would be 2 to 3 |xm thick. In the 
absence of an effective scheme for matching 
lattice constants, the density of dislocations 
generated by mismatch during film growth 
would be high, easily above 107cm^. 

Generally, the effectiveness of lattice match¬ 
ing, in this case to the GaAs substrate, is 
evaluated by measuring dislocation densities 
with X-ray diffraction and transmission 
electron microscopy (TEM). In the TEM 
evaluation of ZnSe-based devices employing 
fte (In,Ga)As buffer layers, the dislocation 
densities estimated from the II-VI regions 
were found to be in the lower range of 
VfIcEB?, a value that can be reduced by 
further adjustment of the fraction of 
indium. 

One method of evaluating the order¬ 
liness of the crystal lattice is measuring 
the narrowness of X-ray diffraction 
peaks when the source is “rocked” about 
the Bragg angle, one of the charac¬ 
teristic angles at which a crystal’s 
atomic planes reflect X-rays. Dislo¬ 
cations due to lattice mismatch broaden 
these peaks quite effectively. 

The Zn(S,Se)-based structures were 
grown with a sulfur fraction of approxi¬ 
mately 7 percent, a value designed to 
lattice-match them to the GaAs buffer 
layer. The X-ray rocking curve dif¬ 
fraction peaks obtained from the 
Zn(S,Se) layers had full widths at half 
maxima of 20 to 65 arcseconds. That 
range indicates a high degree of order in 
the crystal, one commensurate with a 
very low density of misfit-induced dislo¬ 
cations. TEM imaging of our most 
recent devices indicates dislocation den¬ 
sities below 10®/cm^. 

QUATERNARY EXPERIMENT. Another ap- 


likely when continuous-wave operation at 77 
K was achieved by both 3M and the 
Brown/Purdue groups. 

It was immediatefy apparent that the 
efficiency at which electrons and holes 
were converted into coherent blue- 
green light approached 100 percent at 
cryogenic temperatures, once the laser 
had reached its threshold. After dis¬ 
counting the finite reflection losses by 
the resonator end facets, necessary for 
obtaining useful output power from the 
device, the measured output character¬ 
istics implied that just about every 
electron-hole pair injected into the 
quantum well contributed usefully to the 
laser emission. This attested to the fun¬ 
damentally robust stimulated emission 
mechanism that the presence of ±e 
quantum wells offers to the new light 
emitters. 

Under pulsed conditions, room tem¬ 
perature operation was first realized 
with reflective end-facet coatings. 

Under such conditions, the current 
density at which lasing commences, 
known as the threshold current density, 
is approximately 1 kA/cm^—^in ±e 
range of representative values for III-V 
semiconductor lasers. 

Threshold current densities on the 
order of 1(X)-2(X) A/cm^ have been rou¬ 
tinely obtained at 77 K for the (Zn,Cd) [3] The use of graded contact-layers to inject holes into IT recently by researchers at Sony Corp. in 
Se/Zn(S,Se) and (Zn,Cd)Se/ZnSe/Zn VI laser diodes was pioneered in a joint Brown and Tokyo. Late in 1992, they reported the 
(S,Se) heterostructure lasers. With Purdue University research effort. Gold, the traditional 77 K operation of a E-VI laser in which 
typical cadmium concentrations of contact material, readily injects holes into zinc telluride the electronic confinement in ZnSe 
10-20 percent in the active quantum (ZnTe), so the trick is moving the holes smoothly from the quantum wells was provided by the use 
wells, the emission wavelengths have ZnTe to zinc selenide—from left to right in the above di- of the quaternary compound (Zn,Mg) 
been varied from 465-470 nm at cry- agrams. The main obstacle to this is a heterojunction that (S,Se). 'The addition of magnesium in- 
ogenic temperatures (blue) to 490-510 forms where the two materials meet, where there is an creases the bandgap energy to values 
nm (blue/green) at room temperature, offset between the valence-band energies of the two ma- exceeding that of ZnSSe (of comparable 
EPITAXIAL FARRICATION. The epitaxial terials. Thus holes going from one material to the other sulfur concentration), while preserving 
structures described here were grown must find their way over a valence-band barrier, or spike, a degree of lattice matching to the GaAs 
and structurally characterized at caused by this offiet [top]. However, discrete layers of ZnTe substrate. Because of the increased 
Purdue University using a Perkin-Elmer and zinc selenide (ZnSe) may be arranged as shown by at bandgap of the quaternary compound, 
MBE machine having separate growth bottom, to approximate a uniform grading [middle] cryogenic laser operation reached 
chambers for E-VI and IB-V materials, between the two materials’ energy bandgaps. deeper into the blue (447 nm) than had 
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p-ZnTe Graded p-type pseudo-ternary p-ZnSe 


proach to boosting bandgap energy 
while curbing dislocations was revealed 


Gunshor, Nurmikko, Otsuka—Blue lasers on the horizon 


31 




























been previously reported. 

Perhaps more important, the use of the 
quaternary could open the way to a separate 
confinement heterostructure with improved 
optical confinement properties. Work is 
under way on these in several lahoratories. 

At Philips Laboratories, for example, re¬ 
searchers very recently showed that fabri¬ 
cating a separate confinement hetero¬ 
structure with (Zn,Mg)(S,Se) as the outer 
optical and electronic cladding layers im¬ 
proves performance to the point where 
pulsed laser operation is possible well beyond 
room temperature. The Brown-Purdue group 
also recently used such a separate con¬ 
finement heterostructure, incorporating mag¬ 
nesium, to demonstrate l-p,s pulsed laser 
diode operation with 0.1 percent duty cycle. 
This device had a lifetime exceeding a half 
hour at room temperature. 

Given the rigid constraints imposed by 
lattice-matching difficulties within ZnSe and 
its ternaries, such as Zn(S,Se), significant ma¬ 
terials research efforts focused on the qua¬ 
ternary materials seem inevitable. 
ELECTRICAL CONTACTS. Clearly, many of the el¬ 
ements of a practical short wavelength laser 
or light-emitting diode are now in hand. 
However, it still needs a means to connect it 
to an external circuit. The ideal contact would 
provide a transition between the connecting 
wire and the semiconductor without pro¬ 
ducing a significant local resistance, or 
voltage drop, due to some barrier to the 
passage of charge. Such a contact is called a 


In search of the blue LED 


low-resistance ohmic contact. 

When a metal is connected to a semicon¬ 
ductor, a parameter called the work function 
must be commensurate for the two materials; 
otherwise, the transition will impose a harrier 
to charge flow, called a Schottky barrier, 
across which there is an undesirable voltage 
drop. Until the past few months, no suitable 
metal having a sufficiently high work function 
to match p-type ZnSe had been found, so it 
has not been possible to form an ohmic 
contact. 

Lacking such a capability, devices were in 
effect fabricated in two polarities: they were 
grown on n-GaAs substrates and their top p- 
type ZnSe layer had a gold Schottky contact 
deposited on it. In other devices, holes were 
injected from a p-GaAs substrate (despite the 
large valence band offset between GaAs and 
ZnSe), and indium was used to contact a 
highly doped n-ZnSe layer on top. Both 
schemes were used in operating diode lasers, 
but neither proved satisfactory for hole in¬ 
jection. 

Despite the barrier to hole injection pre¬ 
sented by the heterojunction between i>GaAs 
and p-ZnSe, this phenomenon has proved 
useful inasmuch as it spreads the current 
over distances of the order of a centimenter, 
which can be exploited for display devices. 
Thus it was found that the electrical contact 
to the top of a device need only be performed 
locally, yet light was emitted all over the 
(transparent) surface of the display device. 

In one structure fabricated at Purdue, a 


Blue light-emitting diodes (LEDs) based on ll-VI 
semiconductors are a useful and natural byproduct 
of the work on blue-green diode lasers. They, too, 
are also showing great promise for future optoelec¬ 
tronics applications. 

One of the most developed is the zinc selenide 
semiconductor diode with a superthin light-ra¬ 
diating region, or quantum well. The well is 
composed of a crystalline alloy consisting of mostly 
zinc selenide with cadmium atoms replacing zinc in 
random sites; such an alloy is compactly written as 
(Zn,Cd)Se. While reading the performance dis¬ 
cussion that follows, bear in mind that these ll-VI 


LEDs, as constructed in the authors’ laboratories, 
have not been optimized (optically packaged) to 
minimize internal reflections; they are simply 
samples that have a conducting dot on top for elec¬ 
trical contact. 

At cryogenic temperatures, these diodes have 
excellent internal radiative efficiencies, with the 
conversion of electrons and holes into blue or blue- 
green light approaching 100 percent. Of course, not 
all of these photons actually escape from the device; 
hence a second measure of efficiency, which in¬ 
dicates the photon yield relative to injected 
electrons and holes, is actually a better indicator of 
how well the LEDs work. At room tem¬ 
perature, this external radiative effi¬ 
ciency reached in the authors’ labora¬ 
tories for (Zn,Cd)Se/Zn(S,Se) struc¬ 
tures was typically about 0.1 percent. 
This much lower efficiency figure is 
partly due to the activity of nonra- 
diative recombination centers, and 
partly to the total lack of optical opti¬ 
mization to enhance the transmission 
of photons from the material (which 
has a high index of refraction) to the 
air. 

While this efficiency value is now 
limited, it compares favorably with the 
only relatively developed blue LED 
technology, which is based on the in¬ 
direct bandgap silicon carbide. Recent 



transparent electrode material was employed 
to shift the top contact completely outside the 
active area in a seven-segment numeric 
display device. The programmable display 
emitt^ at 490 nm at room temperature with 
powers of up to 100 p,W and a quantum effi¬ 
ciency nearing 0.1 percent [see “In search of 
the blue LED,” below]. 

Until now, in fact, gold deposition has been 
the most widely used method for contacting 
p-ZnSe. But the Schottky barrier of the gold 
contact, though relatively low, obstructed the 
injection of holes from the connecting wire 
into the p-side of the junction. A remedy has 
been discovered at Purdue, where we took 
the recently discovered nitrogen approach 
for p-doping ZnSe and Zn(S,Se) and used it to 
implement doping levels in zinc telluride that 
are extremely high—above 10’®/cm^. The 
fact that gold makes a low-resistance contact 
to p-zinc telluride suggests the use of the 
heavily p-doped ZnTe as an intermediate 
layer for contacting p-ZnSe. 

Another difficulty surfaces at this point— 
and another remedy. The valence-band 
energy-level offset at the heterojunction 
between ZnTe and ZnSe forms a significant 
barrier to hole injection [Fig. 3, top]. A 
possible means of eliminating this barrier is 
introducing a Zn(Se,Te) layer having a graded 
bandgap, where the grading has removed the 
valence band “spike” [Fig. 3, middle]. (A 
similar contact scheme, but employing a 
graded (In,Ga)As region, was previously em¬ 
ployed by Woodall and colleagues at IBM’s 



At room temperature, the power output levels of a 
blue-light LED are quite respectable in comparison 
with other LED technologies. 

advances in gallium nitride synthesis and prepa¬ 
ration, especially in Japan, have also vastly im¬ 
proved the prospects for blue LEDs from lll-V com¬ 
pounds. 

The graph, based on work in our laboratories, 
shows the output power from a (Zn,Cd)Se/ 
Zn(S,Se) quantum well structure at room tem¬ 
perature at the blue wavelength of 494 nm. The 
emission originates from an active material 
thickness of 45 nm. With graded bandgap Zn(SeTe) 
ohmic contacts, these LEDs can be operated at 5V 
rather than 9 or 12V, as with the evaporated gold 
contacts. 

Novel concepts of bandstructure engineering 
have been used by the authors to vary the wave¬ 
length of the LED emission from the (Zn,Cd)Se 
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Thomas J. Watson Research Center in 
Yorktown Heights, N.Y., to inject electrons 
from a metal-InAs junction into n-GaAs.) 

All is not quite resolved, though. In 
creating this graded bandgap by MBE 
growth, it is hard to control the tellurium 
fraction in the graded alloy region. The 
problem is that tellurium and selenium ions 
compete to react with zinc on the growth 
surface. As a way around this problem, a mul¬ 
tilayer structure was grown in which the 
thicknesses of the ZnTe and ZnSe layers 
were varied to approximate a graded region 
[Fig. 3, bottom]. Whereas gold Schottky- 
barrier contacts would exhibit the nonlinear 
characteristics of a rectifying Schottky 
contact, the graded contact structure appears 
to be perfectly ohmic, showing a straight line 
through the origin of a plot of current versus 
voltage. 

An alternative approach to the contact 
problem involves mercury selenide. A group 
at North Carolina State IJniversity recently 
used MBE to introduce the compound 
between the metal and ZnSe as a means of 
forming an improved contact to p-ZnSe. 
FUTURE DIRECTIONS. At this point, diode laser 
and LED operation in the blue and green has 
been obtained from a variety of MBE-grown 
n-VI heterostructure devices. Continuous op¬ 
eration has been widely demonstrated at 
77 K, while three groups have achieved 
pulsed operation at room temperature. In 
particular, Phihps Laboratories and the 
Brown-Purdue group both recently demon- 


quantum wells by the incorporation of tellurium as 
an isoelectronic center. All this means is that the in¬ 
corporated impurity, in this case tellurium, shares 
the same VI column of the periodic table with se¬ 
lenium and thus has the same chemical valence. 
The physical properties of an isoelectronic center in 
ionic materials such as (Zn,Cd)Se include a high 
degree of local crystal lattice distortion when a hole 
(or an exciton) is trapped at the site. 

The reduction in energy associated with the lo¬ 
calized lattice distortion implies substantial “red” 
shifts in the ensuing spontaneous emission, de¬ 
pending on the details of the dosage of tellurium in¬ 


strated relatively robust pulsed laser op¬ 
eration at room temperature and above with 
separate confinement heterostructure con¬ 
figurations of the quaternary compound 
(Zn,MgXS,Se)—strong evidence that these 
materials may be the key to achieving con¬ 
tinuous operation at room temperature. 

Clearly, wide bandgap E-VI semiconductors 
have established their place among photonic 
devices. Nevertheless, a good many ma- 
terials-related questions remain. What com¬ 
binations of materials will prove best for 
widening the available spectrum to cover the 
green and near-UV portions? What factors 
limit device lifetime in this materials system? 
What problems will be associated with manu¬ 
facturing E-VI devices? 

Areas ripe for future development include 
the optimization of growth techniques, to 
create fewer point defects that degrade 
quantum efficiency and raise threshold 
currents at room temperature. More work is 
also needed in optimizing the free hole con¬ 
centrations and reducing the resistivity of the 
p-doped epilayers. (Increased hole concen¬ 
trations should also lower the contact re¬ 
sistance further.) 

At the same time, there is on-going explo¬ 
ration of additional laser geometries, in¬ 
cluding ideas for surface emitters. Several 
display device efforts are also under way, 
again in the direction of extending the 
available wavelengths. 

TO PRUDE FURTHER. The growth issues for the 
wide-bandgap E-VI compounds are reviewed 


corporated in the material. Thus by adding ultrathin 
sheets of tellurium during molecular beam epitaxy 
into the (Zn,Cd)Se quantum wells, the authors have 
been able to shift the LED emission wavelength 
from the blue into the green and yellow-green 
(below). 

This is a rather large spectral range for a minor 
modification of the underlying material compo¬ 
sition, and it suggests that it might be possible to 
build integrated multicolor LED emitters based on 
the ll-VI semiconductors. A further possibility 
would be full-color LED display screens based on 
this basic technology. —R.LG., A. VN., N.O. 



in a chapter by R.L. Gunshor, L.A. Kolod- 
ziejski, A.V. Nurmikko, and N. Otsuka titled 
“Molecular Beam Epitaxy of E-VI Semi¬ 
conductor Microstructures” in Volume 33 of 
the series Semiconductors and Semimetals 
(T.T. Pearsall, ed.). The series was published 
by Academic Press, San Diego, in 199L 

For more on the most effective quantum 
well configuration for the new light emitting 
devices, see the article by N.T. Pelekanos and 
A. V. Nurmikko, among others, in the Feb. 15, 
1992, Physical Review B. The role of excitons 
in lasers is discussed in Physical Review 
Leffm, 1992, Vol. 69, p. 1707. 

The first reports of compact blue-green 
laser diodes appeared in 1991 in articles by 
the 3M Co. and Brown-Purdue groups: M. 
Haase, J. Qiu, J. DePuydt, and H. Cheng, in 
Applied Physics Letters, Vol. 59, p. 1272; and 
H. Jeon, with eight others, including A.V. 
Nurmikko and R.L. Gunshor, in Applied 
Physics Letters, Vol. 59, p. 3619. 

The first reports of successful p-doping of 
ZnSe using the nitrogen plasma cell are to be 
found in a 1990 article by R.M. Park and 
others in Applied Physics Letters, Vol. 57, p. 
2127, and in a 1991 paper by K. Ohkawa and 
others, in the Japanese Journal of Applied 
Physics, Vol. 30, Part 2, Letters, p.52. 

Techniques for forming ohmic contacts to 
p-ZnSe are discussed in Vol. 61 of Applied 
Physics Letters by Y. Fan and nine others Qn- 
cluding this article’s authors) in a paper be¬ 
ginning on p. 3160, and by Z. Yang and others 
in a paper starting on p. 267L 
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NOMINATED FOR THE 1993 
NATIONAL MAGAZINE AWARDS 



F or the eleventh time in sixteen years, the American Society of Magazine Editors 
has nominated SPECTRUM for the National Magazine Awards—the most presti¬ 
gious editorial awards in the magazine industry. 

The selection, in the Reporting Category, is for SPECTRUM'S special report "Seeking 
nuclear safeguards"—Part One: "How Iraq reverse-engineered the bomb", by Glenn 
Zorpette; Part Two: "Working to halt nuclear proliferation", by John Adam. 

SPECTRUM achieved this honor in a field of no less than 108 other entries, including 
the three major business magazines, all three newsweeklies, and a score of distin¬ 
guished peer-publications. 

A winner of three previous first-place National Magazine Awards, this latest 
achievement is convincing testimony to SPECTRUM'S editorial vitality and publish¬ 
ing commitment to our more than 320,000 subscribers and the high technology 
organizations with whom they are affiliated. 


SPECTRUM 

MAGAZINE 
The High-Tech Marketing Tool™ 










SPECTRUM 

FOCUS REPORT AND GUIDE TO 

BNBHK 

woRKsnnoNS 

AND PCs 

ALSO COVERING: SERVERS! X TERMINALS 

■ DSP BOARDS ■ STORAGE AND BACK-UP SYSTEMS 

■ MULTIMEDIA! GRAPNICS DISPLAYS! AND MORE 

NEW! HOW ENGINEERS USE PCs 



IN 





From first-run premieres of your newest programs to reruns of your 
favorite HP Basic programs, TransEra HTBasic 4.0 will make you 
a star performer. 

This newest version of High Tech BASIC from TransEra runs not 
only on IBM PCs but now on Sun SPARCstations, as well as the 
newest HP 700 PA-RISC Workstations. 

And HTBasic 4.0 is now compatible with the latest version of 
HP BASIC 6.2, including full support for TRANSFER. Utilities 
are included that directly read HP LIF format diskettes for both 
program and data files making platform switching as easy as 
changing channels. 


HTBasic has the most extensive built-in support for GPIB, GPIO 
and data acquisition cards from companies like HP, lOtech, 
Keithley/Metrabyte, Data Translation, and National 
Instruments, not to mention TransEra's own line of outstanding 
plug-in cards. 

If you're a current HTB user, you'll want to upgrade right away. 
And if you haven't yet discovered the ease and power of TransEra's 
HTBasic 4.0, you're in for a very pleasant surprise. 

So if you want to make a good showing with your nexr application 
design, get TransEra HTBasic 4.0. It's the best investment you 
can make. Call now for information. 


But cross-platform compatibility is just the beginning. You won't 
find a better engineering tool for your technical, graphical, 
mathematical, scientific, laboratory, data acquisition, or 
instrumentation applications. 


801 - 224-6550 
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In the year since IEEE Spectrum last looked 
at the field in depth, the world of work¬ 
stations and personal computers has seen a 
lot of activity...and as we go to press, the 
battle to beat the competition with better 
performance at a lower price has not let up. 

The industry has been debating for the 
last few years whether the PC and the work¬ 
station have been chasing separate engi¬ 
neering markets or basically the same one. In 
Spectrum’^ definition, the word “workstation” 
has been employed as a blanket term to 
cover systems ranging from high-end 
personal computers to high-end RISC ma¬ 
chines, because readers use both for their 
work. This year, readers were surveyed to 
find out just how they are using Apple and 
PC-compatible computers and in what areas 
personal computers have an edge over work¬ 
stations. The survey report is followed by a 
sampling of the latest high-end PCs. 

With all the new offerings in workstations, 
potential purchasers need some rational way 
of comparing actual performance. Joshua 
Mogal of Silicon Graphics Inc., Mountain 
View, Calif., describes various types of bench¬ 
marks (software that checks some aspect of 
system performance), how they work, and 
what they say about system performance. 


A table presents the latest workstations 
grouped by price range. 

But PCs and workstations alone will not 
provide the best of all possible computing en¬ 
vironments. An essential element in opti¬ 
mizing system usage is the X terminal—a 
terminal designed to work with a network of 
distributed computing power. In a brief 
article and table. Spectrum scans some of the 
newest color and monochrome units. 

The ultimate system optimization may 
require an extremely powerful computer as a 
resource that can be widely shared among 
many lesser machines. In their article, Mark 
Furtney of Cray Research Inc., Eagan, Minn., 
and George Taylor of Sun Microsystems Inc., 
Mountain View, Calif., give readers some 
guidelines for figuring out just how much 
computing power should be in workstations 
and in servers. Some recent servers appear 
in the accompanying table. 

Tailoring workstations and PCs to fit the 
job at hand has never been more possible, 
thanks to the wealth of peripherals and add¬ 
on boards available to engineers today. To 
round off this report. Contributing Editor 
John King reviews the latest ways of souping 
up a computer. 
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INTEGRATED 

ENGINEERING SOETWARE 


QUiCTING YOUR EM DESIGN and analysis software 
padcagl should not be a game of multiple choice. With 
lES yaaiget accurate, advanced and affordable CAE 
*aftware...“all of the above” and more! We have the 
easiest tio use programs in the industry for both 2D and 3D 
ap^Cations. Each package uses the Boundary Element 
IMediGd, meaning no finite element mesh is required. 



Complex training sessions are not needed. You are ready 
to go as soon as you load our single diskette onto your PC 
or workstation. 

For a professional team committed to solving your EM 
problems, make your choice lES. All of our software is 
designed with you in mind, to make your job easier, faster 
and more cost-effective. 

iMHITO (3D/RS) and AMPERES (3D) calculate: 

• Fields • Inductance 

• Potentials • Forces 

• Torques 


OmnED (SD/RS) calculates: 


• Field Parameters 

• Skin & Proximity 

• Force? 

• Ohmic Loss 

• Resistance 


• Induced Currents 
(Eddy Currents) 

• Potentials 

• Torques 

• Stored Energy 

• Inductance 


0 (2D/RS) and COULOMB (3D) calculate: 

• Field or Device • Voltages 

Parameters • Impedance & 

• Inductance Propagation Constants 

• Particle Trajectories (Electro) 

• Capacitances • Forces (Coulomb) 


Me the CAE test*«call us for your 
PREE 30-day evaluation today! 

Phone; (204) 632-5636 Fax: (204) 633-7780 


Defining terms 

Cache: a high-speed memory that resides logically between a central pro¬ 
cessing unit (CPU) and main memory, and holds data and/or instructions 
the CPU is most likely to need soon. 

Complex-instruction-set computer (CISC): a traditional computer with 
complex addressing modes whose CPU is designed to run many, often 
lengthy built-in instructions that support high-level languages. (See also 
reduced-instruction-set computer.) 

Distributed Computing Environment (DCE): a set of requirements and ap¬ 
plications developed by the Open Software Foundation as an infrastructure 
for systems heterogenous, networked computers. 

Extended Industry Standard Architecture (EISA): an extension of the ISA 

bus that provides systems based on 80386 and later processors with com¬ 
patibility with earlier ISA systems. 

Fiber Distributed Data Interface (FDDI): a network based on the use of 

optical-fiber cable to transmit data in non-return-to-zero, invert-on-ls 
(NRZI) format at speeds of up to 100 megabits per second. 

Gouraud shading: in computer graphics, a method of shading a polygon to 
produce a seemingly three-dimensional object with a matte surface. 

Industry Standard Architecture (ISA): the name given to the bus archi¬ 
tecture developed by IBM Corp. for the AT version of its personal computer. 
(See also Extended Industry Standard Architecture.) 

Massively parallel processing (MPP): a computer architecture in which 
hundreds or thousands of closely coupled scalar microprocessors work in 
tandem, 

Mflops: millions of floating-point operations per second. 

MicroChannel Architecture (MCA): a proprietary architecture used by IBM 
Corp. for 80386 and higher processors. 

Multichip module (MCM): a small package containing ICs bonded directly 
to a special substrate that allows high-speed transmission. 

Dpen Systems Interconnection (DSI): a widely adopted model for a 
computer network architecture promulgated by the International 
Organization for Standardization that divides network functions into seven 
layers. 

Parallel vector processing: an architecture in which several vector pro¬ 
cessing systems, which use multiple accessing of interleaved memory, can 
work in tandem. 

Phong lighting: in computer graphics, a method of rendering a polygon so 
as to produce the effect of specular reflection from its surface. 

Physical address: a binary address that refers to the actual location of in¬ 
formation stored in a second level of memory, for instance, a disk drive. 

Reduced-instructlon-set computer (RISC): an extremely regular, easily 
pipelined computer in which the instruction set is simplified and min¬ 
imized. 

Server: a computer that provides a network with a specified service, such 
as data storage and retrieval or high-speed computing. 

Small Computer Systems Interface (SCSI): an industry-standard high¬ 
speed interface for second-level storage systems. 

SPECmarfcs: a normalized measure of performance for RISC systems based 
on a standard set of operations. 

Thick Ethernet (lObaseS): an Ethernet in which the physical medium is a 
doubly shielded. 50-ohm coaxial cable capable of carrying data at 10 Mb/s 
for a length of 500 meters (often referred to as thicknet). 

Thin Ethernet (10base2): an Ethernet in which the physical medium is a 
single-shielded, 50-11RG58A/U coaxial cable capable of carrying data at 
10 Mb/s for 185 meters (often referred to as cheapernet or thinnet). 
Twisted-pair Ethernet (IDbaseT): an Ethernet in which the physical 
medium is an unshielded twisted pair capable of carrying data at 10 Mb/s 
for a maximum distance of 185 meters. 

Transputer: a microprocessor having internal RAM and communication 
links to other transputers, an arrangement that facilitates the design of 
parallel-processing computers. 

VESA local bus (VL bus): a standard interconnection defined by the Video 
Electronics Standards Association for transferring video information to a 
computer display system. 

Virtual address: a binary address issued by a CPU that indirectly refers to 
the location of information in primary memory, such as main memory. 
When data is copied from disk to main memory, the physical address 
(which see) is changed to the virtual address. _ 
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Fortran Drives 
All! 


M icroway’s industry-leading 
32'bit Fortran produces the 
highest quality numeric code and 
supports all x86 operating systems, 
processors and numeric devices. 

NDP Fortran was used to port 
industry standards like SRAC’s 
COSMOS/M to the 486 and is 
required to use AspenTech’s ASPEN 
PLUS, IBM’s OSL, and Fluid Dynamics’ 

FIDAP. The compiler uses advanced numeric optimizations 
and instruction scheduling which favor fast numerics and 
RISC devices. 


QuadPuter®-860 . . . 200 Megaflops 

The 200 megaflops of Microway's QuadPuterS60 are optimally 
harnessed using NDP Fortran-860, libraries from IMSL, NAG 
and KUCK, and the PSR Vectorizer. 


NDP Fortran, CIC++, Pascal 
and our new Fortran 90 


for the 386,486, 
Pentium, and 860 run 
under either Extended 
DOS, OS/2, NT, UNIX 
V.3/4, SOLARIS, or 
COHERENT. 


NDP FOrtrm-860' 


Micro 
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The extended DOS * 

compilers feature GREX, Microway’s proprietary device- 
independent graphics library. To run large applications on 
DOS, our VCPl-based, demand paged virtual memory is 
superior to all alternatives. We also offer DPMI support for 
the OS/2 and the Windows DOS Prompt Box. The OS/2 
compilers include support for OS/2’s 32-bit graphics engine. 


Microway’s NDP Fortran 90 is a full implementation of the 
ANSI Fortran 90, which includes the entire array syntax 
notation, dynamic memory allocation, module definitions, 
and a complete library of intrinsics. Call for your free demo 
disk and white paper. 


GIGABOX™ 

Microway can build 
you a customized one 
gigaflop NFS compu¬ 
tational server using 
five QuadPuters^ 
running in one of our 
industrial grade T owers 
for under $50K. We 
also configure less 
expensive 486 work¬ 
stations. All feature 
industrial grade Ameri¬ 
can power supplies 
based on Todd cores 
and flow-through 
filtered cooling. 



I f you plan to use a 386, 486, 860 or Pentium and require 
portability across operating systems, numeric speed, 
precision and superior technical support, then NDP Fortran, 
CI C++ or Pciscal is the only solution. 


To learn why more government research labs, universities 
and engineers worldwide specify “Microway” call our 
Technical Support Department at 508-746-7341 or any of 
the international representatives below. 


Mcmviay 


Technology You Can Count On 


Corporate Headquarters, Research Park, Box 79, Kingston, MA 02364 USA • TEL 508-746-7341 • FAX 508-746-4678 
U.K. 081-541-5466 • Germany 069-752023 • Greece 01-291-5672 • India 11 681 0645 • Israel 3-751-2929 
Italy 2-749-0749 • Japan 079 822 5855 • Poland 22-414115 • Portugal/Spain 1-60 4049 • Russia 095 155 030 
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FOCUS REPORT: WORKSTATIONS AND PCs 


Engineers and PCs 


A survey shows that most 
Spectrum engineers are fans 
of high-endpersonal 
computers, but more for 



o see what role IBM-com¬ 
patible and Macintosh com¬ 
puters play in the daily lives 
of its readers, IEEE Spec¬ 
trum in February conduct¬ 
ed an in-depth survey. The 
responses when 
tabulated reveal 
that our readers are an extremely 
PC-literate audience, using ma¬ 
chines both at home and at work. 

And in both places, readers are 
using their PCs more for business 
than for engineering work. [For 
details on how the survey was 
conducted, see “Number, the- 
ory...and practice,” at right.] 

What kind of jobs did respon¬ 
dents have? About 45 percent 
were in management. While 9 
percent were in general or cor¬ 
porate management, the majority 
were engineering managers or 
project leaders/engineers. About 
20 percent of the respondents 
were involved with R&D or 
design and development, either as 
managers or hands-on engineers. 

With 920 of the survey’s re¬ 
spondents—almost all or 96.5 
percent—stating they use per¬ 
sonal computers [Fig. 1], it is safe 
to surmise that the technical com¬ 
munity has broadly adopted them. 

Also, roughly 70 percent of the re¬ 
spondents like having their PCs 
close by—they have units both at 
home and at work. The majority 
of PC users (82 percent) are 
working with IBM-compatible 
PCs, while the remainder are 
using Apple Computer PCs. And a 
sizable percentage are doing 
double duty—29.1 percent of 
those who use PCs at work also 
use a workstation there. 

Interconnection fever has also 
seized most users. Two out of 
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three respondents who use PCs at work 
have them connected to a network, and 90 
percent of those networks have file servers. 
Half of the at-work PC users have modems, 
while two out of three at-home PC users 
have modems. Among those who do not, two 
out of five plan to buy one in the next year. 

When it comes to PCs, Spectrum’s 
readers are not neophytes. About one in 
four was using a PC 10 or more years ago, 
and over half have been using them for 
seven years or longer; the median for the 
entire group was 7.7 years. Furthermore, 
there is about a 50-50 chance that they are 
using more than one PC at work. 


Number, theory...and practice 

At IEEESpectruiris request, an independent market research firm surveyed 
the magazine’s readers and analyzed their returns. Those surveyed were se¬ 
lected by first choosing several thousand names at random from 
Spectruiris U.S. mailing list. (This process is referred to as "sampling on 
an Nth name basis" in market research circles.) 

Addresses outside the United States were not used because of the ex¬ 
tremely long waiting times overseas mailings typically require. That was 
also the reason why any APO/FPO addressees were eliminated. Thus, 
survey data reflects the PC usage habits of individuals in the United States 
only. 

In addition, the actual work sites were not known to the surveyors. 
Finally, the sample was filtered to eliminate the names of libraries, insti¬ 
tutions, students, and those who are retired, because the objective was to 
determine how working individuals were using personal computers. 

The sample selection processes yielded 2000 people, to whom post¬ 
cards were mailed alerting them that they had been chosen for the survey. 
The post office was unable to deliver nine of these cards, thereby reducing 
the actual sample size to 1991 individuals. This group was then sent a letter 
identifying Spectrum as the publication conducting the survey along with 
a survey questionnaire with 54 questions, plus a cash incentive of US $1. 
So as not to skew results, the survey stressed that even those not using a 
personal computer should answer the questions that applied to them. The 
survey forms were mailed on Feb. 17 and results were based on returns re¬ 
ceived by March 8. 

By that date, 944 people, or 47.4 percent of the sample, had sent in com¬ 
pleted questionnaires. Analysis of the respondents' answers to type-of-work 
and work-location questions showed that the sample reflected the read¬ 
ership of Spectrum. 

Two and a half weeks is a relatively short time for a survey. Typically, a 
survey will be left “in the field” tor five weeks or more, reflecting conditions 
over a longer period of time. That extended timeframe may also increase 
the response somewhat and thus potentially reduce the margin of error. Had 
the analysis been performed after five weeks, the margin of error would have 
been based on a response rate of 53 percent. 

With the 47.4 percent response rate used, the cumulative data is accurate 
within plus or minus 3.1 percent at a 95-percent confidence level. That 
means that, were data taken across the entire population in samples of the 
same size, 95 percent of the samples would produce results within the 
stated accuracy range. It is therefore possible to project the survey results 
obtained across the entire population of North American members of the 
IEEE. —R.C. 


At home, on the other hand, only one in 
four is using more than one PC [Fig. 2]. Just 
about everyone uses a desktop system, but 
about one in 10 is using a laptop or notebook 
system, too [Fig. 3]. 

While nine out of 10 of the survey’s re¬ 
spondents have company-supplied PCs at 
work, three-fourths of the home PCs were 
privately purchased. Their companies are 
now spending US $2000-$2999 for each 
office computer, and of the 20 percent of re¬ 
spondents who are planning to buy a PC for 
home use in the next year, most expect to 
spend that much. 

At the office, 66 percent of the re- 
spondents say their company def¬ 
initely plans to buy PCs in the 
next 12 months, while about 20 
percent are uncertain of their 
company’s plans. So more than 
eight in 10 of the respondents are 
potential PC purchasers in the 
coming year. Among those who 
are involved in the purchase of 
PCs for work, the most important 
issue in making a selection is the 
reliability of the system; over 68 
percent rated it very important. 

At work, the most-used brand 
of PC is IBM, according to our 
survey; 20.5 percent of the re¬ 
spondents who used PCs at work 
said they had the Armonk, N.Y., 
firm’s machines. The second 
most popular at-work brand, with 
a response of 17.6 percent, was 
Apple. The only other double-digit 
percentage for an at-work brand 
was Compaq Computer Corp. 
with a response of 10.4 percent, 
and the category “Other” re¬ 
ceived more mentions than 
Compaq, with a response of 12.3 
percent. 

In answer to a question about 
what brand of PC was used at 
home, respondents listed “Other” 
most of all the categories (21 per¬ 
cent). Second, with a 17.2 percent 
response, was Apple, followed by 
IBM with 13.3 percent. No other 
single brand was identified by 
more than 7 percent of the re¬ 
spondents. Those who used Apple 
machines at work were most 
likely to use that brand at home, 
too. 

More than half of those in¬ 
volved in purchasing a PC rated 
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Readers' involvement 
with personal 



[1] The vast majority of Spec¬ 
trum’s readers are users of per¬ 
sonal computers. 


Percentages of respondents using one, two, or more PCs 



the purchase price, the operating system, 
and compatibility with existing systems as 
being important features to study before de¬ 
ciding what to buy. Differences in ratings 
among these three factors were within the 
margin of error for the survey, suggesting 
that respondents viewed them as being 
equally important. Rated relatively unim¬ 
portant were physical characteristics like 
size and weight, according to over half (52 
percent) of the respondents who use PCs at 
work. 

As might be expected, more of the pur¬ 
chasers of PCs for work deal directly with 
the manufacturer’s sales force than with any 
other group (34.2 percent). But 31.5 percent 
buy from computer stores, 23.7 percent go 
to business/office equipment dealers, and 19 
percent are purchased through direct re¬ 
sponse marketing (mail or telephone) or 
from catalogs. 

Home improvements are also keeping 
users active. Almost two out of every five of 
those who use PCs at home have bought a 
new one in the past, and about 60 percent 
have upgraded their systems with add-on en¬ 
hancements—on the average, L7 times. Of 
those planning to buy new machines in the 
next 12 months, 31 percent will do so 
through direct response or catalog sales, 26 
percent from computer stores, and 19 
percent from the manufacturer’s sales 
force. 

Considering that one can get a 33-MHz, 
386-based PC with VGA color monitor and 
80-MB hard drive for under $1000, why 
would users spend as much as $2000- 
$2999 for a new machine. The answer is 
that those who are moving up are likely to 
be buying an advanced system, one based on 
a 486 or higher chip. Over half the re¬ 
spondents currently use a 386 system at 
work or at home, and one in three already 
uses a 486 system. Not surprisingly, one in 
three 486 users plans to move to Intel 
Corp.’s Pentium microprocessor in the next 


12 months, as systems based on it start 
coming to market. Furthermore, about 20 
percent of the 386 users do, too [Fig. 4]. 

In addition to having a high-end processor, 
the respondents are likely to have state-of- 
the-art displays. At present, almost 89 
percent of those who use PCs at work have 
a color monitor, as do 77 percent of those 
who use a PC at home. About half of both 
groups have above-average resolution 
displays: Super VGA, XGA, or higher. 


Microprocessors in use 



But using PCs for multimedia applications 
has not yet caught on with most readers. 
Only about one in 10 PCs is currently out¬ 
fitted with a compact-disc ROM, and is being 
used at work and at home for multimedia 
work. 

Among those who do not now have mul¬ 
timedia capability at work, only 7.4 percent 
planned to add such capability in the next 12 
months. However, with 34 percent of at- 
work users uncertain about adding it, the 


The Pentium preference 



[4] More than half of the IBM-compatible PC users responding to the survey were already 
using a 386 or 486 system. That group is the most likely to switch to Intel’s Pentium chip 
when it is 


Responses to future operating systems menu 



[5] There is a clear 
enthusiasm for Win¬ 
dows NT among 
Spectrum’s readers, 
but as yet it does not 
have a lock on every¬ 
one's imagination, as 
the number of those 
who indicated their 
uncertainty shows. 
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Functions for which PCs are used 





[6] The almost 90 percent of respondents with PCs both at home and at work claim that they 
use the PC for business functions. Engineering and communication also rank high. 


Proportion of PC time spent on: 


Business 




[7] Business functions are not only the most common use for PCs, both at work and at home, 
but users spend a great deal of time at it; more than half spend over half their PC time at 
work handling business matters. Engineering tasks do not absorb nearly as much time. 


Proportion of PC time spent on: 



[8] The PC is certainly a communication tool for a good many respondents, but little time 
is spent on that activity; the largest single group spends less than 2 in 10 minutes on com¬ 
munication. On-line services are slightly more likely to be used at home than at work. 


size of the technical multimedia market this 
year will depend on how successful manu¬ 
facturers are in convincing potential users 
that the technology has practical merit. And 
more than half the group said that they 
would not be using multimedia in the next 
year. 

For the home market, the picture is a 
little brighter. Almost twice as many at- 
home users (13.7 percent) plan to add mul¬ 
timedia functions during the year. Still, 36 
percent of home users have not yet made up 
their minds. 

The operating system of choice, of 
course, tracks with the kind of PC used. 
Those using IBM-compatible PCs for the 
most part use DOSAVindows, while Mac¬ 
intosh owners use a Mac OS. Only about 5 
percent of respondents were using OS/2 at 
work and less than half of that total used it 
at home. About 7 percent of respondents 
were using some form of Unix at work, with 
Mac users slightly more likely (12 percent) 
to be using Unix than IBM-compatible PC 

The choice of future operating systems, 
however, is not so clear. Those surveyed 
were asked, “Which of the following op¬ 
erating systems would you seriously 
consider using, assuming that all will be 
available in the near future?” The choices 
were: Solaris for the PC, Windows NT, 
Taligent (“Pink”), None of the above, and 
Don’t know. 

The answers received showed that op¬ 
erating system battles are far from over at 
the PC level. Among the operating system 
choices, Windows NT was the only one that 
was a serious consideration, with a response 
rate of 37.2 percent [Fig. 5]. But a larger 
number of readers (41.9 percent) are un¬ 
decided about what operating system is in 
their future, and 14.9 percent plan to use 
none of the systems mentioned. 

PC WORK. What are users doing -with all 
these PCs? To examine PC usage at home 
and at work, the survey tracked the habits of 
that group of respondents who use PCs in 
both places (657 respondents in all). 

For the vast majority, the answer was for 
taking care of business. Regardless of where 
they use their PCs, they use them as 
business tools. That is the claim of 88 
percent of those respondents who have PCs 
in both places [Fig. 6]. 

The pattern of usage, in terms of the 
amount of time spent, seems to vary a lot. 
At work, a user will spend about 48 percent 
of his or her time at the PC, on the average, 
performing business (as opposed to engi¬ 
neering) functions. At home, the user is 
likely to spend even more time on business 
tasks than at work; on the average, 64 
percent of time spent at the home PC is on 
business operations. 

Among those who have PCs both at work 
and at home, fewer use the PC for engi¬ 
neering work than for business. More engi¬ 
neering work is done on PCs at the office by 
respondents (71.5 percent) than at home 
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High-end PCs (Mac or IBM-compatible): a representative sample of those available 


Performance 

ratings' 

Central pro¬ 
cessing unit 

Operating 

systems^ 

Memory^ 

Mass 
storage' “ 

Monitor' 

Interfaces'" 

Other features and 
options' * 

Apple Computer Inc. 

Macintosh Quadra 950, $609g-$814 

1 

I\I.A. 

Motorola 
68040—33 MHz 

System 7.1 

Cache: internal, 8 

RAM: 8 MB (256 

MB), 80 ns 

Internal, 500 

MB (1000 

MB) 

(Monitor is 
optional) 

E, SCSI, 2 
serial,video, 
sound input 

Stereo output from 
mono input; up to 
four 5.25-inch half¬ 
height storage de¬ 
vices may be in¬ 
stalled; A/UX configu¬ 
ration also available 

1 CompuAdd Computer Corp., CompuAdd 466 Desktop Power, $2609-$9876, varies | 

MIPS: 26.3; 
Landmark: 222.9; 
Norton 5.0:127.8 

Intel i486 

DX2/66 

MS DOS 5.0, 

MS Windows 

3.1 (Interactive 
Systems Unix, 
OS/2 2.0) 

Cache: internal, 8 

KB; external, 64 KB 
(256 KB) 

RAM: 4 MB (64 

MB), 80 ns 

Internal, 80 

MB (1GB) 

Color, 14- 
inch, 640 X 

480 pixels 
(color, 14- 
inch, 1024x 
768, or15-, 

16-, 17-, or 
20-inch, 1280 
X1024) 

C, 2 serial (E, 
TR, ISDN 

SCSI, SCSI 2) 

Upgradable with 
future Intel OverDrive 
processors based on 
Pentium architecture: 
flash BIOS for up¬ 
dating via software 

1 Dell Computer Corp., Dell 450IVIE, $2799-$6710,5 work days | 

N.A. 

N.A. 

MS DOS 5.0, 

MS Windows 

3.1 (Unix SVR4, 
OS/21.21) 

Cache: internal, 8 

KB; external, 128 KB 
RAM: 4-64 MB, 70 
ns 

Internal, 80 

MB (1.4 GB) 

Color, 14- 
inch, 1024 X 

768 

C (E, TR, SCSI 
2) 

- 

Dolch Computer Systems, CPAC 486-66C, $7498-$20 262, 2 weeks | 



FREE 

opportunity 
to win a TI-85 
handheld 
scientific 
calculator. 


Periodically, SPECTRUM asks its subscribers for 
their professional viewpoints and comments so 
that our editors may continue to produce the in¬ 
dustry’s most authoritative publication. We’d like 
your views! 

m Simply complete and return this postage-free 
reply card. 

■ If your completed card is received before 
August 2,1993, you will be automatically 
eligible for the SPECTRUM drawing for a free 
Texas Instruments TI-85 handheld scientific 
calculator. 

■ Drawing to be held on August 9,1993. There is 
nothing to buy. It is our “thank you" for taking 
time to respond. 


SPECTRUM Workstation/PC Report 

We’d like your views... 

■ Which articles/tables did you find IMPORTANT/ 
RELEVANT to you? 


PC User Survey & Guide 
Benchmarks & Workstation Survey 
X Terminals 
Network Servers 
Add-Ons/Peripherals 


[ ] 
[ ] 


[ 1 
[ ] 


■ What did you like about this Focus Report? 


Name — 

Firm - 

Address _ 
City_ 


i232C 

SCSI 

E, TR, and ISDN 
available from third 
parties 


R) 

Options include 18- 
by-13-inch digitizer 
with stylus ($995); 
second color monitor, 
17-or 19-inch 
($150(3-$1900) 


1 

ICSI, 

Fax/modem optional; 
VESA local-bus 
graphics standard 


1, 

CSI 2) 

Multimedia kits and 

IDE caching and non¬ 
caching; VESA local 
bus; tower case 
option 


Zip 


ntinued on following page) 

y about 4 percent of re- 
1 workstation at home, 
oximately two-thirds of the 


As previously noted, about two-thirds of 
PC users at work are connected to networks 
and about half have modems. Not sur¬ 
prisingly then, about two-thirds spend some 
time communicating at their workplace. 
They do not, however, spend much time 
using their PCs to communicate; on the 
average, only 16 percent do. At work, even 
less time is spent using on-line data services. 


work to perform engineering and communi¬ 
cation functions are probably using a work¬ 
station for those tasks. A total of 208 re¬ 
spondents (3L7 percent) have a workstation 
at work, as well as a PC at home and at 
work. Of that group, 131, or 63 percent, 
noted that the work they do on their PC is 
completely separate and distinct from the 
work they do on their workstations. On the 


respondents have modems in their home 
computers, they do not spend much time 
communicating with others or with their 
computer at work. About 41 percent use 
their home computers for communication 
functions and only 23.7 percent use them to 
access on-line data services. On the average, 
they use their at-home PCs less for commu¬ 
nications, but slightly more to access on-line 
data services. 
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Functions for which PCs are used 



Note: Percentages add up to more than 100 because of multiple answers 

[6] The almost 90 percent of respondents mth PCs both at home and at uiork claim that they 
use the PC for business functions. Engineering and communication also rank high. 

Proportion of PC time spent on: 


Business 



Engineering 



size of the technical multimedia market this 
year will depend on how successful manu¬ 
facturers are in convincing potential users 
that the technology has practical merit. And 
more than half the group said that they 
would not be using multimedia in the next 
year. 

For the home market, the picture is a 
little brighter. Almost twice as many at- 
home users (13.7 percent) plan to add mul¬ 
timedia functions during the year. Still, 36 
percent of home users have not yet made up 
their minds. 

The operating system of choice, of 
course, tracks with the kind of PC used. 
Those using IBM-compatible PCs for the 
most part use DOS/Windows, while Mac¬ 
intosh owners use a Mac OS. Only about 5 
percent of respondents were using OS/2 at 
work and less than half of that total used it 
at home. About 7 percent of respondents 
were using some form of Unix at work, with 
Mac users slightly more likely (12 percent) 
to be using Unix than IBM-compatible PC 
users. 

The choice of future operating systems, 
however, is not so clear. Those surveyed 
were asked, “Which of the following op¬ 
erating systems would you seriously 


[7] Business functions are 
but users spend a great de 
work handling business m 

Proportion of PC ti 
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likely to spend even more time on business 
tasks than at work; on the average, 64 
percent of time spent at the home PC is on 
business operations. 

Among those who have PCs both at work 
and at home, fewer use the PC for engi- 
[8] The PC is certainly a communication tool for a good many respondents, but little time neering work than for business. More engi- 
is spent on that activity; the largest single group spends less than 2 in 10 minutes on com- neering work is done on PCs at the office by 
munication. On-line services are slightly more likely to be used at home than at work. I respondents (71.5 percent) than at home 
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High-end PCs (Mac or IBIVI-compatihle): a representative sampie of those avaiiahie 


Performance 

1 ratings' 

Central pro¬ 
cessing unit 

Operating 

systems^ 

Memory^ 

Mass 
storage^ ^ 

Monitor^ 

Interfaces^" 

Other features and 
options' ® 

Apple Computer Inc. 

Macintosh Quadra 950, $6099-$8149 





N.A. 

Motorola 
68040—33 MHz 

System 7.1 

Cache: internal, 8 

KB 

RAM: 8 MB (256 
MB), 80 ns 

Internal, 500 
MB (1000 

MB) 

(Monitor is 
optional) 

E, SCSI, 2 
seriaLvideo, 
sound input 

Stereo output from 
mono input; up to 
four 5.25-inch half¬ 
height storage de¬ 
vices may be in¬ 
stalled; A/UX configu¬ 
ration also available 

1 CompuAdd Computer Corp., CompuAdd 466 Desktop Power, $2609-$9876, varies ~ | 

MIPS: 26.3; 

Landmark: 222.9; 
Norton 5.0:127.8 

Intel i486 

DX2/66 

MS DOS 5.0, 

MS Windows 

3.1 (Interactive 
Systems Unix, 
OS/2 2.0) 

Cache: internal, 8 

KB; external, 64 KB 
(256 KB) 

RAM: 4 MB (64 

MB), 80 ns 

Internal, 80 

MB (1 GB) 

Color, 14- 
inch, 640 X 

480 pixels 
(color, 14- 
inch, 1024x 
768, or15-, 

16-, 17-, or 
20-inch, 1280 
X1024) 

C, 2 serial (E, 
TR, ISDN 

SCSI, SCSI 2) 

Upgradable with 
future Intel OverDrive 
processors based on 
Pentium architecture; 
flash BIOS for up¬ 
dating via software 

I Dell Computer Corp., Dell 450ME, $2799-$6710,5 work days | 

N.A. 

N.A. 

MS DOS 5.0, 

MS Windows 

3.1 (Unix SVR4, 
OS/21.21) 

Cache: internal, 8 

KB; external, 128 KB 
RAM: 4-64 MB, 70 
ns 

Internal, 80 

MB (1.4 GB) 

Color, 14- 
inch, 1024x 
768 

C (E, TR, SCSI 
2) 

- 

1 Dolch Computer Systems, CPAC 486-66C, $7498-$20 262, 2 weeks | 

MIPS: 27.5 

Intel i486 

DX2/66 

(MS DOS 5.0, 

MS Windows 

3.1, OS/2 2.0) 

Cache: internal, 8 

KB; external, 256 

KB, 20 ns 

RAM: 4 MB (32 

MB), 60 ns 

Internal (120 
MB, 1.0 GB) 

Monochrome, 
11.6-inch, 640 

X 480 (color, 
10.4-inch, 640 
x480) 

C, RS-232C 
(SCSI, SCSI 

2) 

E, TR, and ISDN 
available from third 
parties 

1 Intergraph Corp., Intergraph PC 466, $26 000,2 weeks | 

N.A. 

Intel I486 

DX2/66 

(DOS) 

Cache: internal, 8 

KB; external, 256 

KB (1 MB) 

RAM: 16 MB 
(32 MB), 80 ns 

Internal, 426 

MB 

Color, 17- or 
19-inch, 1024 
x768 

E, C (TR) 

Options include 18- 
by-13-inch digitizer 
with stylus ($995); 
second color monitor, 
17-or 19-inch 
($1500-$1900) 

1 Micro Express, Micro Express ME 486-YL/DX2/66, $2495, 5 days | 

MIPS: 9.7 

Intel i486 

DX2/66 

MS DOS 5.0, 

MS Windows 

3.1 (OS/2 2.2) 

Cache: internal, 8 

KB; external, 256 

KB (1 MB) 

RAM: 4 MB (32 
MB),80 ns 

Internal, 200 

MB (1.7 GB) 

Color, 14- 
inch, 1024x 

768 (color, 
20-inch, 1260 
X1024) 

C (E, TR, 

ISDN, SCSI, 
SCSI 2) 

Fax/modem optional; 
VESA local-bus 
graphics standard 

1 Micron Computer Inc., Micron 486VL Computers Winstations 466, $1499-$$2699,2 weeks | 

MIPS: 20.6 

Intel I486 

DX2/66 

MS DOS 5.0 

(Unix, MS 
Windows 3.1, 

OS/2 2.1) 

Cache: internal, 8 

KB; external, 256 

KB, 128 KB, 15 ns 
RAM: 16 MB (32 

MB), 70 ns 

Internal, 245 
MB(80-1.7 

GB) 

Color, 15 
inch, flat 
screen, 1280 

X1024 (color, 
14-to 21-inch, 
1024x768 to 
1280x1024) 

C(E,TR, 

SCSI, SCSI 2) 

Multimedia kits and 

IDE caching and non¬ 
caching; VESA local 
bus; tower case 
option 


(Table continued on following page) 


(55.2 percent). And the amount of time 
spent on engineering and scientific tasks is 
greater at work (on average 32.7 percent) 
than at home (on average 20.5 percent). 

As previously noted, about two-thirds of 
PC users at work are connected to networks 
and about half have modems. Not sur¬ 
prisingly then, about two-thirds spend some 
time communicating at their workplace. 
They do not, however, spend much time 
using their PCs to communicate; on the 
average, only 16 percent do. At work, even 
less time is spent using on-line data services. 


The average at-work on-line time, 3.1 
percent, is about equal to the accuracy level 
of the survey. 

Those who say they are not using a PC at 
work to perform engineering and communi¬ 
cation functions are probably using a work¬ 
station for those tasks. A total of 208 re¬ 
spondents (31.7 percent) have a workstation 
at work, as well as a PC at home and at 
work. Of that group, 131, or 63 percent, 
noted that the work they do on their PC is 
completely separate and distinct from the 
work they do on their workstations. On the 


other hand, only about 4 percent of re¬ 
spondents have a workstation at home. 

Although approximately two-thirds of the 
respondents have modems in their home 
computers, they do not spend much time 
communicating with others or with their 
computer at work. About 41 percent use 
their home computers for communication 
functions and only 23.7 percent use them to 
access on-line data services. On the average, 
they use their at-home PCs less for commu¬ 
nications, but slightly more to access on-line 
data services. 4 
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High-end PCs (Mac or IBM-compatible): a representative sample of those available (continued) 


Performance 

ratings' 

Central pro¬ 
cessing unit 

Operating 

systems' 

Memory' 

Mass 

storage" 

Monitor' 

Interfaces'" 

Other features and 
options" 

Modgraph Inc., GX-2486C-50, $53g5-$6500, 3 weeks 1 

MIPS: 21 

80486-50 

(Xenix, MS DOS 
5.0, MS 

Windows 3.1, 
OS/2) 

Cache: internal, 8 
KB;external,128 KB 
(256 KB) 

RAM: 4 MB 
(32 MB), N.A. 

100 MB 
(540 MB) 

Color, 7.5- 
inch, 800 X 

600 

C 

Transportable;three 
drive bays, four expan¬ 
sion slots, and in¬ 
ternal color Trinitron 
CRT 

Polywell Computers Inc., Poly 486-66EV, $1950-$19 950,10 days | 

MIPS: 29.8 

Intel 1486- 
DX2/66 

MS DOS 5.0, 

MS Windows 

3.1 (SCO Unix, 
OS/2.0, Noveil 
Netware) 

Cache: internal, 8 K; 
external 256 K (512 

K) 

RAM: 16 MB (256 
MB), 60 ns 

Internal, 1.2 

GB (4 GB); ex¬ 
ternal, 24 GB 

Color, 17- 
inch, 1280x 
1024 (color, 
20-inch, 1280 
X1024) 

SCSI 2, C, 32- 
bit VESA local 
bus (E,TR, 
ISDN, SCSI) 

Combines EISA with 
VESA 32-bit bus: uses 
EISA SCSI-2 disk 
controller and VESA 
graphic accelerator; 
upgradable to Intel 
Pentium processor, 
when available 

1 Tandy Corp., Tandy 466 DX2, $1778, 48 hours 

N.A. 

Intel i486 

DX2/66 

MS DOS 5.0, 

MS Windows 

3.1 

Cache: internal, 8 

KB; external (256 KB) 
RAM: 2 MB (40 

MB), 80 ns 

(Internal, 340 
MB) 

(Monochrome, 
14-inch, 1024 
x768) 

(C) 

- 

1 Unisys Corp., PW 2 Advantage Plus Model 4666, $3953-$5353, Immediate 

Wingraph 3.1:20 

intei i486 

DX2/66 

MS DOS 5.0, 

MS Windows 

3.1 (SCO Unix, 

OS/21.2, 

Netware) 

Cache: internal, 8 

KB; external, 256 KB 
RAM: 8 MB (128 

MB), 80 ns 

Internal, 340 

MB (1 GB) 

(Color, 14- 
inch, 1024 X 
768) 

SCSI 2, C, 2 
serial, UPS 
signal port (E, 
TR) 

Upgradable to Intel 
Pentium processor, 
when available 


N.A. = not available from the vendors. 

1 MIPS = millions of instructions per second. 2 Terms in parentheses indicate options offered by vendors. 3 Optional cache and RAM sizes in parentheses are maxima. 

4 C = Centronics/parallel: E = Ethernet; ISDN = Integrated-Services Digital Network; TR = token ring; SCSI = small computer systems interface; VESA = Video Electronics Standards Association; 
UPS = uninterruptible power supply. 5 BIOS = built-in operating system; EISA = extended industry standard architecture; IDE = Interactive Data Entry 


Not Another Electromagnetics Analysis Software ... 


No ... COSMOS/M is not like other 
analysis software. With COSMOS/M. 
you can conduct complex 2- 
and 3D electromagnetic 
analyses on your PC or 
workstation at a fraction of the 
cost of other packages. 

Structural Research, a leading 
developer of d esktop finite 
element 
analysis 
software, 
makes it easy 
for you to 
prepare, 
analyze and 
display the 
results - you 
may even link 
the results to linear and nonlinear 
static and thermal modules. 
COSMOS/M's powerful pre- and 
postprocessor makes modeling and 
displaying results virtually effortless. 
COSMOS/M is ideal for quickly 
evaluating conceptual designs as it 



allows you to save time and eliminate 
expensive prototyp ing and testing. 

What does this 
mean? It means 
that if you are 
designing 
actuators or 
electric motors - 
or anything in 
between - you will 
find that 
COSMOS/M 
makes it faster, easier and more 
affordable. 

But you don't have to take our 
word for it. Call us for a free limited 
version and analyze one of your 
own problems to see how easy 
and affordable analysis can be. 


COSMOS/M Features 

• Magnetostatic analysis 

• Transient eddy current analysis 

• AC eddy current analysis 

• Electrostatic analysis 

• Current flow 

• Nonlinear analyses 

• Electro-thermal coupling 

• Magneto-structural coupling 

• Menu driven pre- and 
postprocessor 

• 2- and 3D automatic meshing 

• Electric and magnetic field 
distributions 

• Forces and torques 

• Inductances 

• Capacitance matrices 


Run your own design problems ... 
Call now for a free limited 
version of COSMOS/M 
310-452-2158 . 


Circle No. 209 


2951 28th Street. Suite 1000 I 
Santa Monica I 

CA 90405 USA I 

tei. 310-452-2158 I 

fax. 310-399-6421 ; 
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INTRODUCING MICRO-CAP IV. 
MORE SPKL MORE SPEED. 
MORE CIRCUIT. 



PC-based circuit analysis just became faster. 

More powerful. And a lot easier. Because 
MICRO-CAP IV is here. And it continues a 
12-year tradition of setting CAE price/ 
performance standards. 

Put our 386/486 MICRO-CAP IV to work, 
and you’ll quickly streamline circuit creation, 
simulation and edit-simulate cycles—on circuits as large as 
10,000 nodes. In fact, even our 286 version delivers a quantum 
leap upward in speed. Because, for one thing, MICRO-CAP IV 
ends SPICE-file-related slowdowns; it reads, writes and 
analyzes SPICE text files and MC4 schematic files. It also 
features fully integrated schematic and text editors. Plus an 
interactive graphical interface—windows, pull-down menus, 
mouse support, on-line HELP and documentation—that 
boosts speed even higher. 

Now sample MICRO-CAP IV power. It comes, for example. 


from SPICE 2G.6 models plus extensions. Compre¬ 
hensive analog behaviord modeling capabilities. 

A massive model library. Instant feedback plotting 
from real-time waveform displays. Direct schematic 
waveform probing. Support for both Super and 
Extended VGA. 

And the best is still less. At $2495, MICRO-CAP 
outperforms comparable PC-based analog simulators—even 
those $5000-1- packages—with power to spare. Further, it’s 
available for Macintosh as well as for IBM PCs. Write or call 
for a brochure and demo disk. And experience firsthand 
added SPICE and higher speed—on larger circuits. 


i i 

1021S. Wolfe Road 
Sunnyvale, CA 94086 
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What can you do after making the world’s 
best performing workstations? Do it again. 


When you’re hot, you’re hot. And our 
new generation of HP Apollo 9000 
Series 700 workstations sizzles. With 
performance far ahead of anything 
else on this or any other known 
planet. But at extremely down-to- 
earth prices. 

Our new generation PA-RISC is the 
catalyst for the latest advances. 
Providing a color entry-level system 
with phenomenal performance for 
just $5,695. 3D graphics available 
Circle No. 210 


across the entire product line, even 
the low end. And a breathtaking 147 
SPECmarks at the high end. 

Think for a moment what all this 
could do for you. Then don’t waste 
another moment before calling 
1-800-637-7740, Ext. 7207. We’U 
give you an encore dramatically 
better than the original performance. 

rm HEWLETT 
milnM PACKARD 























FOCUS REPORT: WORKSTATIONS AND PCs 


Workstation metrics 


Users can predict how well 
different classes of computers 
will perform various tasks if 
they really understand what 
a set of benchmarks tests 



erhaps the biggest obstacle 
that would-be computer 
users face is deciding 
which of all the possible 
systems provides the best 
performance for a given 
role... and a given budget. 
Accordingly, both computer 
users and manufacturers have tried to 
define ways of measuring performance s( 
that fair comparisons may be made between 
systems. 

These measurement methods, called 
benchmarks, were typically developed in re¬ 
lation to particular classes of computers, 
such as PCs, workstations, and mainframes. 
With the advances in microprocessors, 
however, the boundaries are blurring: 
microprocessors based on one type of re¬ 
duced-instruction-set computing (RISC) 
architecture are at the heart of everything 
from desktop computers to massively 
parallel superservers and graphics systems. 
This development is becoming the basis for 
a more nearly common set of benchmarks, 
one that may be used on any class of system, 
because it can be scaled meaningfully, with 
both processor clock rates and the use of 
shared-memory symmetric parallelism. 
BENCHMARK GOAL. Because one person’s 
benchmark is another’s red herring, even 
when members of the same set of systems 


Joshua Mogal Silicon Graphics Inc. 


are being compared, it is critical to identify 
who is the “customer” for a benchmark 
before determining the type most useful to 
him or her. Table 1 indicates the four basic 
classes of users. It is also possible to divide 
the world into scientific and business classes, 
the latter being interested in transaction¬ 
processing benchmarks such as TPA. 
Scientific users are the focus here, though. 

As the benchmarks for the four classes 
will probably be at odds with one another, 
each type of user vrill utilize a different set, 
though the various sets may have some 
overlap. Additionally, as computer system ar¬ 
chitectures incorporate digital media tech¬ 
nologies like three-dimensional graphics, 
audio, and video, their grovring complexity is 
eliciting increasingly complex benchmarliig 
“suites.” These suites measure the effects 
on performance associated with complicated 
operations combining the use of the CPU, 
memory, secondary disk storage, I/O, and 
graphics. When exercised at the same time, 
one or more of these elements may prove to 
be a bottleneck to the others, highlighting 
occasions when the system architecture is 
not balanced. 

A PRIMER. Computer systems have evolved 
rapidly over the past two decades, taking ad¬ 
vantage of ever faster buses and processors 
and custom application-specific ICs (ASICs). 
As a result, many of the benchmarks of 10 
years ago are of little relevance today. Before 
the era of multi-media or 3-D graphics, com¬ 
puters computed and output to printers or 
CRTs, but did little else. It was then that the 
measure of MIPS (million instructions per 
second) arose to compare the speeds of dif¬ 
ferent processors or computer systems. 

MIPS, though, measures only integer op¬ 
erations. So next came Mflops (million 
floating-point operations per second), since 
most scientists and engineers perform 


floating-point-intensive computations. A 
variety of benchmarks have been defined for 
measuring MIPS and Mflops on hetero¬ 
geneous systems. The most common are 
the Dhrystone (for MIPS) and Linpack (for 
Mflops). 

The Dhrystone benchmark is a way of 
measuring a system’s ability to perform 
integer math (a Dhrystone is defined as 
being equal to a VAX integer MIPS mul¬ 
tiplied by 1757). The benchmark program is 
first compiled and then run on the system 
and its execution time is monitored. 
However, both the compiler and the 
computer can be optimized to give a high 
Dhrystone rating without improving a 
machine’s performance on typical programs. 

The first floating-point benchmark and 
companion to the Dhrystone was, appro¬ 
priately enough, the Whetstone. Based on 
the use of numerous transcendental func¬ 
tions, it came in a single-precision and a 
double-precision version. But like the 
Dhrystone, it was too amenable to compiler 
and hardware tinkering that overstated the 
performance of typical programs. 

The Linpack floating-point benchmark 
was at least derived from a practical set of 
applications. It solves dense sets of linear 
equations, typically involving l(X)-by-100- and 
lOOO-by-lOOO-element matrices. While 
Linpack was once considered effective, the 
widespread use of cache in today’s machines 
has reduced its usefulness. The Linpack 
benchmark is a relatively small program that 
can fit into most caches today, and so does 
not test the overall system. 

In all these measures, the fatal flaw is that 
it is always possible to design a computer 
system to perform well on the benchmark— 
and much less well on real applications. All 
too many of these benchmarks represent 
peak rather than sustained performance and 



[1] To draw an image, a computer’s main processor sends general data needed to calculate the shapes that make up the image. It then 
commands to its graphics system, which first extracts from them the turns the shapes into textured, shaded pixels for display 
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1. Benchmark user classes 


Classes 

Description 

Single-application 
end user 

Runs a single application type on the system most of the time; needs a single 
set of performance characteristics 

Multiple-application 
end user 

Runs a range of applications on the system; needs a range of performance 
characteristics 

Computer manufacturer 
marketing staff 

Encourages engineering staff to design system that will perform well on in¬ 
dustry-standard benchmarks; needs benchmarks that prove capabilities of 
system to target customers 

Computer manufacturer 
design engineer 

Designs systems for optimum performance; needs benchmarks to determine 
whether new technology addresses requirements of targeted users 


thus are a poor reflection of the per¬ 
formance to te expected in use. 

Computer design involves countless trade¬ 
offs. Many RISC processors in use today— 
the Digital Equipment Alpha, Hewlett- 
Packard PA-RISC, IBM RS/6000, Intel i860, 
MIPS R4400, and Sim Sparc—^provide a mix 
of 32- and 64-bit capabilities for addressing 
and computation, as well as assorted cache 
sizes, levels, and buses. These variations in 
the core architecture often produce widely 
varying benchmark results. 

Raw speed counts for something, but not 
everything, since application software rarely 
executes in constant burst mode. Instead, 
most computers support multiple, simul¬ 
taneous processes, so that the processor 
must switch from executing one to exe¬ 
cuting another. Achieving solid performance 
in this area is critical for multi-user and mul¬ 
tiprocessing environments, where computa¬ 
tional resources are not always single- 


tasked. Thus, throughput becomes as critical 
a metric as raw computational speed. 

Of most interest to computer customers is 
not how many MIPS, Mflops, or polygons per 
second the system can deliver, but rather how 
it performs when executing their chosen 
types of applications. This interest is evi¬ 
denced in the trend toward benchmarking 
suites like SPEC, AIM, and Khomerstone. 
BALANCED SYSTEM ASSESSMENT. To provide a 
balanced view, a benchmark must therefore 
take into account the performance achievable 
while putting the entire system through its 
paces, from the cache and main memory to 
the disk, I/O, and compute subsystems as 
well. 

The most widely used benchmark suite 
today is the application-oriented one created 
by the SPEC organization. The original 
benchmark created in 1989, Spec89, has 
been followed by Specint92 and Specfp92, 
while a lesser-known Spec suite measures 


system throughput. However, as Spec89 was 
becoming popular, it was found that system 
manufacturers could optimize their systems 
for certain portions of the suite, and so skew 
averages to imply better than realistic per¬ 
formance. In an attempt to overcome this 
problem, Specint92 and Specfp92 were 
created. 

Specmt92 and Specfp92 are each sets of 
five routines based on sample code from 
chemistry, physics, robotics, math, compiler, 
and other real applications. Released in 1992 
they evaluate a system’s integer and 
floating-point performance, respectively. In 
both cases, benchmark results are usually 
quoted as single numbers, which are 
weighted averages of the results for all 
routines. Still, it is possible to obtain the 
result for each of the routines separately, to 
see if any one skews the total number. (A 
claim of high performance based on a single 
process is considered suspicious, since it 
does not evaluate context-switching or mul¬ 
tiprocessing capability.) 

Khomerstone and AIM lack the broad 
appeal of the Spec suites. The first combines 
the Whetstone and Dhrystone benchmarks 
with Savage (a set of scientific math 
functions). Sieve (a prime number gen¬ 
erator), Fibonnaci (recursion handling), and 
Ackerman-function (recursion and processor 
performance) routines. Results from these 
C and Fortran routines are weighted and av¬ 
eraged. The suite covers integer and 
floating-point math for large and small 


2. Graphic performance specification for three typical systems 




Typical performance, thousands 
per second (Italic numbers = bits) 

Metric name 

Descrletlon 

X 

Y 

Z 

3-D Vectors/s 

Number of 3-D vectors that can be drawn in one second; vectors should be connected, 10 pixels 
long, Gouraud-shaded, clip-tested, Z-buffered, depth-cued, and anti-aliased 

2 

1 . 2 " 

3 .. 1 .,.. 

3-D Quads/s 

Number of 3-D, four-sided polygons that can be drawn in one second; polygons should cover a 
100-pixel area and be independent, arbitrarily oriented, Gouraud-shaded, Phong-lighted, clip- 
tested, Z-buffered, and anti-aliased 

0.9 

0.15" 

0 . 6 "' 

3-D Tmesh 
polygons/s 

Number of 3-D, three-sided polygons meshed into strips that can be drawn in one second; 
polygons should cover a 50-pixel area and be arbitrarily oriented, flat-shaded, clip-tested, Z- 
buffered, and anti-aliased 

1.6 

0.6 

1 , 9 b,., 

3-D 

TexTmesh 

polygons/s 

Number of 3-D, three-sided polygons—with a tri-linear, mip-mapped texture and meshed into 
strips—that can be drawn in one second; polygons should cover a 50-pixel area and be arbi¬ 
trarily oriented, Gouraud-shaded, Phong-lighted, clip-tested, Z-buffered, fogged, and anti-aliased 

0.9 


0,24M.b.i 

Flat pixel fill 
rate 

Number of pixels a system can write to frame buffer per second for flat-shaded goMs, vectors, 
and polygons 

90-360 

Not 

published 

95 

Textured pixel 
fill rate 

Number of pixels a system can write to frame buffer per second for tri-linear, mip-mapped 
texture points, vectors, and polygons that are Gouraud-shaded, Phong-lighted, fogged, and anti¬ 
aliased 

80-320 

— 

12 “ 

Image 

bit-planes 

Maximum number of bits used to hold color in frame buffer 

36 

24 

24 

Alpha 

bit-planes 

Maximum number of bits used to hold transparency in frame buffer 

12 

~ 

8 

Z-buffer 

bit-planes 

Maximum number of bits used to hold depth information in frame buffer 

32 

23 

32 

Double 

buffering 

Maximum number of colorAransparehcy planes supported in each of the front and back buffers 
for smooth rendering of dynamic graphics 

48 

24 

32 


a For flat, not Gouraud, shading. b Requires multiprocessor version of system with special cache to reach specified performance, 

c Without clip-testing, d Without anti-aliasing. e System does not support textures. f Without fogging, 

g Texture fill, though not specified, may be derived from the polygon size (50 pixels) multiplied by the number of 3-D TexTmesh polygons per second (240 000). 
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IEEE 488.2 

for Your Desktop Workstation 



Plug-In Boards and 
External Controllers 


• 100% IEEE 488.2 compatible 

• NAT488Z- IEEE 488.2 controUer chip 
for optimized GPIB functionality 

• Plug-in boards for Sun SPMCstation, 
DECstation 5000, and IBM POWERstation 

• External SCSRchGPIB controllers for 
Sun SPARCstation and Silicon Graphics 
IRIS Indigo 

• External Ethemet-to-GPIB controllers for 
Sun SPARCstation and HP 9000 Series 700 


• EEE 488.2 routines 

• Standard NI^SS® functions 

• Portable between computer platforms 
and operating systems 

• Interactive control and configuration utilities 


Call for FREE 1993i 


^ NATIONAL 
msii - 


^mpRUMENTS® 

6504 Bridge Point Parkway 
Austin, T)( 78730-5039 
Tel: (512)794-0100 
95 (800)0100793 (Mexico) 

Fax: (512)794-8411 

BRANCH OFFICES 

AUStRAUA 03 879 9422 • AUSTRIA 0662 435986 
BELGIUM 02 757 00 20 • CANADA 519 622 9310 
DENMARK 45 76 73 22 • FINLAND 90 527 2321 
FRANCE 1 48 65 33 70 • GERMANY 089 7 14 50 93 
ITALY 02 48301892 • JAPAN 03 3788 1921 

IDS01720 45761 • NORWAY 03 846866 
100085 ‘SWEDEN 08 730 49 70 
ND 056 27 00 20 • U.K. 0635 523545 


J8 Copyright 1993|^ond Indnin^ Caporotion. ^ri^resei 


dataset and test disk, memory, and I/O 
performance. 

As for AIM Suite HI, its 33 tests may be 
combined to assess multiuser performance, 
producing a weighted and averaged result. 
Its weighting percentages are: 20 percent 
each for RAM, disk, logic, and math per¬ 
formance and 10 percent each for floating¬ 
point and pipelining. Even though the bench¬ 
marking suites have been designed for 
balance and for the evaluation of complete 
systems, they rank systems differently, de¬ 
pending upon what is being looked for. Note 
also that the Khornerstone and AIM suites 
are affected by varying levels of memory. 

As yet, there are no benchmarking suites 
that stress entire system architectures with 
graphics capability included. Even the most 
comprehensive of them make no allowance 
for the impact of the graphics subsystem on 
computational performance. 

PARALLEL PROCESSING. The problem of 
creating a benchmark that is consistent 
across heterogeneous vendors’ platforms 
has grown worse with the introduction of 
massively parallel-processing (MPP) and 
symmetric multiprocessing (SMP) systems. 
Parallel-processing technologies were once 
the domain of supercomputers, but in recent 
years, SMP architectures have made their 
way into deskside workstations and indeed 
into every type of system. Thus it is all the 
more important that benchmarks give a 
clear understanding of how application per¬ 
formance can scale with the number of 
CPUs utilized. 

“What counts is performance delivered on 
user codes,” said Gwrge Cybenko and David 
J. Kuck, “and not idealized computation rates 
based on the capabilities of exotic semicon¬ 
ductors” [“Revolution or evolution?,” IEEE 
Spectrum, September 1992, pp. 39-41]. 
Using the Numerical Aerodynamic 
Simulation (NAS) parallel benchmark’s fast 
Fourier transform (EFT), multi- and vector- 
processor supercomputers ranged from 4 to 
30 percent efficiency when the actual gi¬ 
gaflops they achieved was compared with 
the peak number quoted. These results en¬ 
couraged the development of the Perfect 
Benchmarks, coordinated by the University 
of Illinois, Urbana-Champaign. Cybenko has 
said, “The Perfect Benchmark (kta demon¬ 
strate the complexity of computer systems 
performance. Put another way, no single 
number captures performance in any mean¬ 
ingful way and, conversely, efforts to 
quantify performance by a single number 
are intrinsically oversimplified” [“Supercom¬ 
puter Performance Trends and the 
PERFECT Benchmarks,” Supercomputing 
Review, April 1991]. 

When comparing graphics workstations, 
the problem becomes still worse. They have 
both general-purpose computational and 
specialized graphics subsystems, requiring 
benchmarks that measure each individually 
and estimate the balance between the two 
main subsystems, that is, their ability to 
work together efficiently. 


Graphics performance has proven very dif¬ 
ficult to measure, as few real “standard” 
benchmarks were available until the very 
recent Picture Level Benchmark (PLB) was ' 
announced by the Graphics Performance 
Characterization (GPC) committee of the 
National Computer Graphics Association, 

Fairfax, Va. The PLB is an attempt to provide 
a common set of benchmarks for comparing 
different graphics systems fairly. 

GRAPHICS ROADBLOCK. The roadblock has 
been that no standard graphics library existed 
with which the benchmark could be written. 

Each computer system vendor supported a 
variety of graphics libraries, including GKS, 

Phigs, Starbase, the Silicon Graphics GL, and 
others also. 

In 1991, Silicon Graphics Inc., Mountain 
View, Calif., opened up access to its pro¬ 
prietary GL graphics library, establishing 
OpenGL as a universally accessible graphics 
library standard. Now licensed by Digital 
Equipment Corp., IBM, Intel, Intergraph, 
Microsoft, and Novell, among others, 
OpenGL is well on its way to providing a 
common basis for the development and uti¬ 
lization of common 2-D and 3-D graphics 
benchmarks. I 

Even though a common basis has been 
found for writing the benchmarks, 
agreement has yet to be reached on exactly 
what measurement a graphics metrics re¬ 
quires to characterize the overall graphics 
performance of a given computer system. 

The process of generating 3-D computer 
graphics, however, is performed in a similar 
fashion on virtually all of the general- 
purpose graphics workstations currently on 
the market [Fig. 1]. 

The CPU subsystem transmits 3-D and 
2-D graphics and image data across a cable 
or bus to the graphics pipeline. This data is 
typically communicated in one of two 
methods: Display List mode and Immediate 
mode. Display lists are strictly ordered 
lists of geometric objects along with their 
spatial transformations (rotations, trans¬ 
lations, scaling) and lighting. Being pre¬ 
defined, the list is tightly organized and ef¬ 
ficient. Unfortunately, it also means that 
making changes to the fist can be very dif¬ 
ficult or costly from a performance per¬ 
spective. 

Immediate Mode graphics, on the other J 
hand, is performed by sending geometry 
down to the graphics pipeline as it is gen¬ 
erated by the application in the CPU, a 
polygon or vector at a time. Although this is 
much less structured than display list 
graphics, it does not reduce performance 
much, because the graphics pipeline rarely 
waits for the CPU to build up a new data set, 
but processes data on the fly. The primary 
advantage of Immediate Mode graphics is 
that geometry can be easily changed from 
one rendered frame to the next, avoiding a 
complete restructuring of a display list. 

Once in the graphics pipeline, the 3-D 
data is transformed geometrically at the 
(Continued on p. 57) 
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Workstations: a representative sampie of those avaiiabie 


1 Performance 

1 ratings' 

Central 

processing unit 

Operating 

systems^ 

Memory” 

Mass 
storage^ “ 

Monitor^ 

Interfaces^ * 

Other features and 
options^ 

1 LOW end (under $10 000) 

Aries Research Inc. 

Parrot It, $5995-$ 

12 560, 5-10 days 






MIPS, 28.5; Mflops, 

4.2; Specmarks, 

24.7 

Sun Sparc 

Solaris 1.1 

Cache: 64 KB 

RAM: 32 MB (64 MB 
on board, 128 MB 
with Sbus card) 

Internal, 424 

MB (1 GB); 
external, 9 GB 

Color, 19- 

inch, 1150X 
900 pixels 

E, SCSI 2, two 

serial 

Archive tape backup 
and Sony CD ROM 
are optional 

CompuAdd Computer Corp., CompuAd 

SS1+, $S295-$1 

785, varies 


MIPS, 15.8; Mflops, 

I. 7; Specmarks, 

II. 8 

SS1+ 

Solaris 1.0.1 

Cache: external 64 

KB, 80 ns 

RAM: 8 MB (64 MB 
with 4 MB SIMM), 

80 ns 

Internal, 104 

MB (420 MB); 
external, 2.4 

GB 

Mono¬ 

chrome, 19- 
inch (color, 
16-,19-inch), 
1152x900 

E, SCSI, two 

serial audio 
ports 

100% binary compat¬ 
ibility with Sun 
Sparcstation; accepts 
all its accessories and 
peripherals 

Force computers Inc., Sparc CPU-ZCE, 

$7995,4 weeks 


MIPS, 28.5; 

Mflops, 4.2 

Sparc 2 

Solaris 1.x, 2.x 

Cache: external, 32 

KB 

RAM: 16 MB (128 
MB) 

N.A. 

N.A. 

E, SCSI 

100% compatible 
with Sparcstation 2, 
whose architecture is 
embedded in a 
VMEbus-based board 

1 Hewlett-Packard Co., HP Apollo 9000 Series 700 Model 71 

15/33, $5695-$40 345,4 weeks 



MIPS, 41; 

Mflops, 8.6; 
Specmarks, 45.9; 
Specinl92,24.2; 
Specfp92,45 

•ipun,... peicnnn' 

PA-7100 chip 

HP-UX 

Cache: external, 

128 KB 

RAM: 16 MB (192 
MB) 

Internal, 
diskless, 2 

GB; external, 
69.7 GB 

Color, 15-inch 

(mono, 19- 
inch), both 
1280x1074 

(TR, ISDN, 

SCSI 2, 
parallel) 

16-bit CD/DAT quality 
audio 
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201 203 205 207 209 211 213 215 217 21^2^23 

202 204 206 208 210 212 214 216 218 220 222 224 

251 262 273 284 295 306 317 328 339 350 361 372 3 

252 263 274 285 296 307 318 329 340 351 362 373 3 

253 264 275 386 297 308 319 330 341 352 363 374 3 

254 265 276 287 298 309 320 331 342 353 364 375 3 

255 266 277 288 299 310 321 332 343 354 365 376 3i 

256 267 278 289 300 311 322 333 344 355 366 377 31 

257 268 279 290 301 312 323 334 345 356 367 378 31 

258 269 280 291 302 313 324 335 346 357 368 379 3! 

259 270 281 292 303 314 325 336 347 358 369 380 3< 

260 271 282 293 304 315 326 337 348 359 370 381 3< 

261 272 283 294 305 316 327 338 349 360 371 382 3£ 
Print or Tyrpe only 

Name- 


225 227 229 231 233 235 237 239 241 243 245 247 249 

226 228 230 232 234 236 238 240 242 244 246 248 250 


96 407 418 

97 408 419 

98 409 420 

99 410 421 
)0 411 422 
)1 412 423 
)2 413 424 


427 438 

428 439 

429 440 

430 441 

431 442 

432 443 


449 460 471 

450 461 472 

451 462 473 


>3 474 


434 445 

435 446 

436 447 

437 448 


452 . 

453 464 475 
I 454 465 476 

455 466 477 

456 467 478 

457 468 479 

458 469 480 

459 470 481 


482 493 

483 494 

484 495 

485 496 

486 497 
1 487 498 

488 499 

489 500 

490 501 

491 502 


I 504 515 526 

505 516 527 

506 517 528 

507 518 529 

508 519 530 
1 509 520 531 

510 521 532 

511 522 533 

512 523 534 

513 524 535 

514 525 536 


Company-. 

Address_ 

City_ 

Country_ 


RAM: 16 MB (64 
MB) 


W(TW 

External, 10 


Two MicroChannel 

slots for expansion 


ly-inch, 

1280x1024 
(mono, color, 
1600x1200) 



Rrial, 

tree 

pts 

Options include 150- 

MB archive or 535- 
MB tape backup and 
external 660-MB CD 
ROM 


2 

Portable workstation 

100% Sun-compatible 


12 , 

!, serial, 
iTR, 

* 001 , 

>fAS, 

Video) 

Supports 16-bit 

stereo audio, real¬ 
time video and 3-D 
graphics; graphical 
system administration 


PSI2 

TR, 

Comes with 8-bit 
graphics, integrated 
networking, ex¬ 
pandable Sbus slots 
as well as 8-bit audio 



II 

- 


CompuAdd Computer Corp., CompuAdd SS2, $11 995-$24 979, varies 


MIPS, 28.5; 

Mflops, 4.2; 
Specmarks, 21 


RAM: 16MB 
(64MB), 80 ns 


Internal, 425 

MB (850 MB); 
external, 208 


Color (mono), 

19-inch, 1152 


100% binary com¬ 
patible with Sun 
Sparcstation; accepts 
all its accessories 
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IEEE 488.2 

for Your Desktop Workstation 



Plug-In Boards and ^ 
External Controllers I 

• 100% IEEE 488.2 compatible 
•NAT4882" IEEE 488.2 controUer 

for optimized GPIB functionality 

• Plug-in boards for Sun SPARCst 
DECstation 5000, and IBM POW 

• External SCSI-to-GPIB controller 
Sun SPARCstation and Silicon Gi 
IRIS Indigo 

• External Ethemet-to-GPIB contrc 
Sun SPARCstation and HP 9000 5 



dataset and test disk, memory, and I/O 
performance. 

As for AIM Suite HI, its 33 tests may be 
combined to assess multiuser performance, 
producing a weighted and averaged result. 
Its weighting percentages are: 20 percent 
each for RAM, disk, logic, and math per¬ 
formance and 10 percent each for floating¬ 
point and pipelining. Even though the bench¬ 
marking suites have been designed for 
balance and for the evaluation of complete 
systems, they rank systems differently, de¬ 
pending upon what is being looked for. Note 
also that the Khomerstone and AIM suites 
are affected by varying levels of memory. 

As yet, there are no benchmarking suites 
that stress entire system architectures with 
graphics capability included. Even the most 
comprehensive of them make no allowance 
for the impact of the graphics subsystem on 
computational performance. 

PARALLEL PROCESSING. The problem of 
creating a benchmark that is consistent 
across heterogeneous vendors’ platforms 
has grown worse with the introduction of 
massively parallel-processing (MPP) and 
symmetric multiprocessing (SMP) systems. 
Parallel-processing technologies were once 
the domain of supercomputers, but in recent 
years, SMP architectures have m ade theiL - 


Graphics performance has proven very dif¬ 
ficult to measure, as few real “standard” 
benchmarks were available until the very 
recent Picture Level Benchmark ffLB) was 
announced by the Graphics Performance 
Characterization (GPC) committee of the 
National Computer Graphics Association, 
Fairfax, Va. The PLB is an attempt to provide 
a common set of benchmarks for comparing 
different graphics systems fairly. 

GRAPHICS ROADGLOCK. The roadblock has 
been that no standard graphics hbrary existed 
vdth which the benchmark could be written. 
Each computer system vendor supported a 
variety of graphics libraries, including GKS, 
Phigs, Starbase, the Silicon Graphics GL, and 
others also. 

In 1991, Silicon Graphics Inc., Mountain 
View, Calif., opened up access to its pro¬ 
prietary GL graphics library, establishing 
OpenGL as a universally accessible graphics 
library standard. Now licensed by Digital 
Equipment Corp., IBM, Intel, Intergraph, 
Microsoft, and Novell, among others, 
OpenGL is well on its way to providing a 
common basis for the development and uti¬ 
lization of common 2-D and 3-D graphics 
benchmarks. 

Even though a common basis has been 
found for writincT iha — 
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When comparing graphics workstations, 
the problem becomes still worse. They have 
both general-purpose computational and 
specialized graphics subsystems, requiring 
benchmarks that measure each individually 
and estimate the balance between the two 
main subsystems, that is, their ability to 
work together efficiently. 


waits tor the CPU to build up a new data set, 
but processes data on the fly. The primary 
advantage of Immediate Mode graphics is 
that geometry can be easily changed from 
one rendered frame to the next, avoiding a 
complete restructuring of a display list. 

Once in the graphics pipeline, the 3-D 
data is transformed geometrically at the 
(Continued on p. 57) 
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Workstations: a representative sample of those available 


Performance Central 

ratings' processing unit 

Low end (under $10 000) 

Operating 

systems^ 

Memory^^ 

Mass 
storage^ ‘ 

Monitor^ 

Interfaces^ * 

Other features and 
options^ 

Aries Research Inc., Parrot II, $5995-$12 560,5-10 days | 

MIPS, 28.5; Mflops, 
4.2; Specmarks, 

24.7 

Sun Sparc 

Solaris 1.1 

Cache: 64 KB 

RAM; 32 MB (64 MB 
on board, 128 MB 
with Sbus card) 

Internal, 424 
MB(1 GB); 
external, 9 GB 

Color, 19- 
inch, 1150X 
900 pixels 

E, SCSI 2, two 
serial 

Archive tape backup 
and Sony CD ROM 
are optional 

CompuAdd Computer Corp., CompuAdd SS1+, $5295-$15 785, varies | 

MIPS, 15.8; Mflops, 

I. 7; Specmarks, 

II. 8 

SS1 + 

Solaris 1.0.1 

Cache; externai 64 

KB, 80 ns 

RAM: 8 MB (64 MB 
with 4 MB SiMM), 

80 ns 

Internal, 104 
MB (420 MB); 
external, 2.4 

GB 

Mono¬ 
chrome, 19- 
inch (color, 
16-,19-inch), 
1152x900 

E, SCSI, two 
serial audio 
ports 

100% binary compat¬ 
ibility with Sun 
Sparcstation; accepts 
all its accessories and 
peripherals 

Force Computers Inc., Sparc CPU-ZCE, $7995,4 weeks 

MIPS, 28.5; 

Mflops, 4.2 

Sparc 2 

Soiaris 1.x, 2.x 

Cache: externai, 32 

KB 

RAM: 16 MB (128 
MB) 

N.A. 

N.A. 

E, SCSI 

100% compatible 
with Sparcstation 2, 
whose architecture is 
embedded in a 
VMEbus-based board 

Hewlett-Packard Co., HP Apollo 9000 Series 700 Model 715/33, S5695-$40 345,4 weeks | 

MIPS, 41; 

Mflops, 8.6; 
Specmarks, 45.9; 
Specint92, 24.2; 
Specfp92,45 

PA-7100 chip 

HP-UX 

Cache; external, 

128 KB 

RAM: 16 MB (192 
MB) 

Internal, 
diskless, 2 

GB; externai, 
69.7 GB 

Color, 15-inch 
(mono, 19- 
inch), both 
1280x1074 

(TR, ISDN, 

SCSI 2, 
parallel) 

16-bit CD/DAT quality 
audio 

IBM Corp., RS/6000 Powerstation220, 

$3795,1 week | 

MIPS, N.A.; Mflops, 
6.6; Specmarks, 

27.7; Specint92, 

16.6; Specfp92,26.1 

Single-chip 

Power archi¬ 
tecture 

AiX3.2 

Cache: internal, 8 

KB 

RAM: 16 MB (64 

MB) 

Internal, 400 
MB(1 GB); 
external, 9.5 

MB 

(Color, 16-, 

19-, or 23- 
inch, 1280 X 
1024) 

E, SCSI (TR, 
SCSI 2) 

Two MicroChannel 
slots for expansion 

1 Mobius Computer Corp., Mirage Series, Model IPS/2, $5080-$7995,7-10 days, ARO 

MIPS, 28.5; Mflops, 
4.2; Specs, 24; 
Xstones, 89 000 

Sparc 2 

Solaris 1.1,2.1 

Cache: internal, 64 

RAM: 16 MB (128 
MB) 

Diskless (525 
MB); external, 

4 GB 

Color, 17- 
inch, 1152x 
900 

E, two serial, 
SCSI, three 
Sbus slots 

Options include 150- 
MB archive or 535- 
MB tape backup and 
external 660-MB CD 
ROM 

1 RDI Computer Corp., BriteLite IPC Color, $9995-$13 895,45 days | 

MIPS, 17.8; Mflops, 
1.8;Specint92, 

13.8; Specfp92, 

_ 

Sparcengine 

iPC 

SunOS 4.1.3 

Cache: internal, 128 
KB 

RAM: 8 MB (46 

MB), 80 ns 

Internal, 450 

MB 

Color, 10- 
inch, 640 X 

480 

E, SCSI 2 

Portable workstation 
100% Sun-compatible 

1 Silicon Graphics Inc., Indigo Entry R30( 

10, $6995,1 week | 

MIPS, 30; Mflops, 
4.3; Specmarks, 26; 
Specint92, 22.4; 
Specfp92,24.2; 
Khornerstones, 

100 261; AIM, 31.4 

Mi PS R3000 
with R30104 
fioating-point 
unit 

Unix SVR4 
(insignia DOS, 

MS Windows 

3.1) 

Cache: external, 64 

KB 

RAM: 16 MB (96 

MB) 

Internal(3.6 
GB); external, 
8.4 GB 

Color, 17- 
inch (color, 
20-inch), both 
1024x768 

E, SCSI 2, 
parallel, serial, 
audio (TR, 

ISDN, FDDI, 
ATM, IVAS, 
VLAN, video) 

Supports 16-bit 
stereo audio, real¬ 
time video and 3-D 
graphics; graphical 
system administration 

1 Sun Microsystems Inc., SPARCclassIc, $3995-$4295, now | 

MIPS, 59.1; 
Mflops,4.6; 
Specint92, 26.4; 
Specfp92,21.0 

MicroSparc390 

S10 

Soiaris 2.1 

Cache: internal, 6 

KB 

RAM: 16 MB (96 

MB), 60 ns 

Internal, 207 
MB, 424 MB; 
external, 22 

GB 

Color, 15- 
inch, 1024 X 
768 

E, C, SCSI 2 
serial (TR, 

ISDN) 

Comes with 8-bit 
graphics, integrated 
networking, ex¬ 
pandable Sbus slots 
as well as 8-bit audio 

Mid-range ($10 000- 

$45 000) 

1 Cetia,Cetia1000,$13 000,N.A. | 

MIPS, 26.4; Mflops, 

4,6; Xstones, 

14 000 

Motoroia 68040 

UnixV 

Cache: internal, 8 

KB; 

RAM: 16 MB (64 

MB) 

Internal, 400 

MB (1GB); 
External, 10 

GB 

Mono (color), 
19-inch, 
1280x1024 
(mono, color, 
1600x1200) 

E, SCSI 
(parallel) 


1 CompuAdd Computer Corp., CompuAdd 

SS2, $11 995-$24 

1979, varies | 

MIPS, 28.5; 

Mflops, 4.2; 
Specmarks, 21 

SS2 “Caivin" 

Soiaris 1.0.1 

Cache: 64 KB, 80 
ns, 

RAM: 16MB 
(64MB), 80 ns 

Internal, 425 

MB (850 MB); 
external, 208 

GB 

Color (mono), 
19-inch, 1152 
x900 

E, SCSI 

100% binary com¬ 
patible with Sun 
Sparcstation; accepts 
all its accessories 
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Workstations: a representative sampie of those avaiiabie (continued) 


Performance 

Centrai 

Operating 


Mass 



Other features and 

ratings' 

processing unit 

systems^ 

Memory” 

storage"' 

Monitor" 

Interfaces"® 

options® 


Mid-range ($10 000-$45 000) (continued) 


Concurrent Computer Corp., Series 7000 Multiprocessing Systems, $20 000-$150 000, 90 days ARO | 

MIPS, 20.0; Mflops, 
2.16M; Specmarks, 
11.1 

Motorola 

68040, 33 MHz 
(to three 
processors) 

RTU 

Cache; internal 8 KB 
RAM; 16 MB (104 
MB) 

Internal, 200 

MB (2.9 GB); 
external, 105 

GB 

Color, 19-, 
16-inch, 1280 
X1024 

E, SCSI, SCSI 

2 (parallel, 

IBIM) 

Supports SCSI, SCSI 

2, IPI, optical, and 
tape storage devices; 
has 12- and 16-bit 

AD, DA; IEEE 488; ac¬ 
celerator for floating¬ 
point vector math 

Digital Equipment Corp., DEC 3000 Mo 

el 400 AXP, $14 g95-$36 995,30 days 

MIPS, 134; Mflops, 
26.4; Specmarks, 
108.1; Specint92, 
65.3; Specfp92, 

112.1 

AXP 21064,133 
MHz 

OSF/1 or open 
VMS (DOS) 

Cache: internal, 16 
KB; external, 512 

KB 

RAM: 32 MB (128 
MB) 

Internal, 426 

MB (2.1 GB); 
external, 9.5 

GB 

Mono, 17- 
inch (color, 
19-inch), both 
1280x1024 

E, ISDN, SCSI 

2 (parallel, 

IPI,FDDI,TR, 

VME) 

includes 2-D graphics 

accelerator. Multi¬ 
screen, Prestoserve, 

3-D graphics optional 

Force Computers Inc., Tera Force-2CE, 

$19 500-$29 500,4weeks | 

MIPS, 28.5; Mflops, 
4.2 

Sparc 2 

Solaris 1 .X, 2.x 

Cache: external, 64 

RAM: 16 MB (128 
MB) 

Internal, 420 

MB (1.2 GB), 
2.0,30 GB; 
external, 30 

GB 

Mono (color), 
19-inch, both 
1280x1024 

E, SCSI, 

Sbus, serial 

100% compatible 

with Sparcstation 2, 
whose architecture is 
embedded In a 
VMEbus-based 
system; 14 VMEbus 
expansion slots; in¬ 
cludes tape backup 

Hewlett-Packard Co., HP Apollo 9000 Series 700, Model 7 

15/50, $11 895-$55 495, 4 weeks | 

MIPS, 62; Mflops, 

13; Specmarks, 69; 
Speclnt92,36; 
Specfp92,72 

PA-7100 

HP-UX 7.01 

Cache: external, 

128 KB 

RAM: 16 MB (256 
MB) 

Internal, 525 

MB (2 GB); 
external, 69.7 
GB 

Grayscale, 19- 
inch, 1280X 
1024 (color, 
17-inch, 
1024x768, 
or 19-inch, 
1280x1024) 

E, SCSI, SCSI 

2 (TR, ISDN) 

11-bit. CD/DAT- 

quality stereo 

1 Intergraph Corp., InterPro 2730, $14 900-$20 900 | 

MIPS, 68.2; 
Specint92,24.5; 
Specfp92, 35.8 

Clipper C400 

Unix SVR 3 

Cache: internal, 32 

KB 

RAM: 32 MB (128 
MB), 80 ns 

Internal, 426 
MBorl GB; 
external, 8.4 

GB 

Color, 19- 
inch, 1184 X 
884 (color, 

21-,27-inch, 
both 1664 X 
1248) 

E, SCSI 
Versatec, 
serial TR 

Additional 19-inch 

monitor $5000, op¬ 
tional ergonomic fur¬ 
niture 

Marathon International/OEM Engines, S 

pare Model 35/40, $10 000,3-5 days | 

MIPS, 35 

1 OEM engines, 

35/40 

Unix, SunOS, 
(Solaris 4.1.3) 

1 RAM: 16 MB (96 I Internal, 424 I Color, 1152 x I ISDN, SCSI 2, I — 

MB) 1 MB (1.6 GB) | 900 | Audio I/O | | 

Microway Inc., 486E 

I3/Q860, $25 000-$50 000,1 to 3 weeks | 

MIPS, 28.87; 

Mflops, 200 

Intel 486 

DX2/66 

(UnixV3,V4; 
Coherent, MS 
DOS, Solaris, 
OS/2 2.01) 

Cache: Internal, 8 

KB; external, 256 

KB (512 KB) 

RAM: 16 MB (256 
MB), 60 ns 

Internal, 213 

MB (10 GB) 

Color, 14- 
inch, 1024x 
768 (color, 
17-inch, 1280 
x1024) 


Includes NDP Fortran, 
CIC++ or Pascal 
compiler; 2-MB ded¬ 
icated memory per 
i860 

Mobius Computer Corp., Mirage IPS/10 

, $12 995-$14 995 


MIPS, 101; Mflops, 
20; Specint92,45; 
Specfp, 92; 

Xstones, 95 000 

Sparc 10 (Tl 
SuperSparc 36 
MHz) 

Solaris 1.1,2.1 

Cache: Internal, 64 

KB (512 MB) 

RAM: 16 MB (64 

MB), 70 ns 

Internal, 
diskless (2 

GB) 

Color, 17-inch 
1152 x900 
(color, 19- 
inch, 1152X 
900) 

E, two serial, 
SCSI 2 (E, TR, 
ISDN parallel) 


RDI Computer Corp., BriteLite LX, $151 

)95-$26495,60days | 

MIPS, 59.1; Mflops, 
4.6; Speclnt92, 

26.4; Specfp92, 

21.0 

Sparcengine LX 

Solaris 2.1 

Cache: internal, 6 

KB 

RAM: 16 MB (96 

MB), 60 ns 

Internal, 450 
MB; external, 

15 GB 

Color, 10.5- 
inch, 640 X 

480 

E, ISDN, SCSI 

2, parallel 

Active-matrix 

Colorplus LCD 
provides 256 000 se¬ 
lectable colors 

1 Silicon Graphics Inc., Indigo 2 Extreme, $35 000,30 days | 

MIPS, 100; Mflops, 
16; Specmarks, 70; 
Specint92,59; 
Specfp92,61 

MIPS R4000 

Unix SVR4 

Cache: internal, 16 
KB; external, 1 MB, 

15 ns 

RAM: 32 MB (384 
MB), 80 ns 

Internal, 1 GB 
(3 GB); ex¬ 
ternal, 7 GB 

Color, 19- 
inch, 1280 X 
1024 

E, SCSI, 
parallel, two 
serial, five 
audio (FDDI) 

EISA-bus expand¬ 
ability, optional 
processor upgrade to 
150-MHz R4400 
processor 
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N.A. = Not available from the vendor. 

1. MIPS = millions of instructions per second; Mflops = millons of floating-point operations per second. 

2. Terms in parentheses indicate options offered by vendors. 3. Cache and RAM sizes given in bytes. 4. Disk storage given in bytes. 

5. E = Ethernet; IBIM = intelligent bus interface module; ISDN = integrated-services digital network; TR = token ring; SCSI = small computer systems interface; FDDI = fiber distributed data interface. 

6. CD ROM = compact-disc ROM; EISA = extended industry standard architecture; IDE =interactive data entry; DAT = digital audio tape. 


front end of the graphics pipeline, being 
turned into pixels, which must then be 
written into a frame buffer. Finally it is 
scanned out to video to appear on a monitor, 
projector, or virtual-reality head-mounted 
display. 

Graphics performance benchmarking 
must thus embrace a combination of CPU, 
memory, bus, geometric, pixel, and video op¬ 
erations, all in a balanced system archi¬ 
tecture. A bottleneck in the graphics 
pipeline at any stage will reduce the overall 
performance substantially, suggesting that 
just like the observations made during the 
Perfect Benchmark tests, no single metric 
tells the whole story. 

GRAPHICS SPECIFICATIONS. The feature sets 
of the general-purpose graphics systems 
currently on the market vary at least as 
much as their performance specifications. 
Still, Table 2 identifies, as far as feasible, a 
common ground for comparison. To that 
end, all assumptions are stated explicitly. 

As the table indicates, general-purpose 
computer graphics systems are usually 
compared using benchmark numbers for 


generating quantities of vectors, points, and 
polygons, as well as those for pkel fill rates, 
displayable resolutions, and other oper¬ 
ations. Some attempts have been made at 
standardizing these benchmarks, so as to 
make apples-to-apples comparisons between 
systems easier. 

Since benchmarks so rarely reflect the 
performance attainable in actuality, it is nec¬ 
essary to weigh their results in a context of 
both quantitative and qualitative information 
about the specified systems. Table 2 lists 
each of the compared performance metrics 
and how they are specified. A single metric 
is used for uniformity across all of the 
graphics systems, with the exceptions called 
out in footnotes. 

While these metrics will be useful for com¬ 
parison, they fail to reflect differences in 
either the system architectures or the 
graphics subsystems. Benchmarks tend to 
test a single metric at a time, with few mode 
changes, like changing the color every 100 
polygons or applying different texture maps 
to every 50 polygons. But real applications 
change modes frequently, starting and 


stopping the flow of data, so that they rarely 
achieve the performance that is quoted in 
benchmarks. 

The ways in which vendors may quote 
specifications are listed in Table 2, with ex¬ 
ceptions identified in the footnotes as 
before. One system may seem superior on 
some benchmarks while another may do 
better on some other tests. This difference 
occurs because no two graphics systems 
make the same performance tradeoffs, 
which may be subtle and undocumented. 
The tradeoffs may only come to light during 
the running of a benchmark that stresses 
the graphics system in the way in which it 
will be used. To be useful, more often than 
not, graphics benchmarks must be derived 
from (or at least be very like) real appli¬ 
cations. 

REAL APPLICATIONS. With increasing fre¬ 
quency, workstations are being used for sci¬ 
entific and engineering problems in which 
both advanced computational and graphics 
capability are required to obtain and un¬ 
derstand the solution. Such areas as compu¬ 
tational chemistry and structures, geo- 
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tational chemistry and structures, geo¬ 
physics, and industrial design are by now 
heavily dependent on having both capa¬ 
bilities. As a result, there are already appli¬ 
cations in those areas that can be used to 
benchmark the performance of systems. 
Still, those from different areas exercise 
systems in different ways. So it is worth 
looking at several areas to see what their ap¬ 
plications can tell about a workstation’s 
abilities. 

Applications for computational chemistry 
and molecular modeling are advancing every 
year. The early programs required little 
more than large quantities of anti-aliased 
vectors for stick-figure molecules. Today’s 
software tends to be more complex, com¬ 
bining polygonal “spheres” and “cylinders” 
with isosurfaces (surfaces on which a 
common value occurs) and selective trans¬ 
parency, as well as clipping planes to cut into 
the molecules for cross-sectional views. 

In the area of computational structures, 
the demands of finite-element analysis for 
both stress/strain and fluid-flow analysis are 
such as to require very complex surfaces to 
be rendered if the part or structure being 
analyzed is to be accurately represented. 
Surfaces are usually divided into pieces that 
represent the atomic level at which the 
analysis is performed. Once the analysis is 
complete, each piece, or its vertex, is as¬ 
signed a value representing the result of the 
analysis for that location for a particular 
time and set of parameters. 

The parameters for the rendered surface 
are represented by a wide range of at¬ 
tributes, possibly a different attribute at each 
vertex of every geometric primitive. This 
results in a complex mode change that may 
well disrupt the efficiency of the rendering 
process. Such applications test how well a 
system’s graphics pipeline is balanced. 

In geophysics and geographical infor¬ 
mation system (GIS) applications, two el¬ 
ements are primary: volume rendering and 
image processing. Geophysical applications 
take raw and postprocessed data and visually 
render it to simplify comprehension and 
analysis. A representation may be based on 
volumetric data from seismic surveys and 
core samples, as well as on geometric data 
from isosurfaces extracted from within the 
strata being studied. 

With the goal of providing access to in¬ 
formation about a specific location, GIS ap¬ 
plications apply images of that location to 
geometric representations of the region, and 
then combine that data with other, non¬ 
image data. The representation may be 
made up of vectors, polygons, and text indi¬ 
cating parameters applicable to the area. It 
may include such information as flood 
planes, roadways, power lines, seismic ac¬ 
tivity, and the demographics of residents and 
businesses. Such geophysical applications 
test a system’s texture-mapping and 
volume-generation capabilities, as well as its 
ability to produce high-resolution displays of 
real image data. 


The creation of realistic images from 
design data is the forte of industrial product 
designers. They use computer systems for 
the design and manufacture of products 
ranging from wrist watches to automobiles, 
employing software tools such as Alias 
Studio from Alias Research Inc., Toronto, to 
create 3-D images for pre-prototype eval¬ 
uation. This kind of software requires a high 
degree of interactivity, and tests a system’s 
ability in the areas of Tmesh, independent, 
and environment-mapped polygons. 

The last kind of polygon resembles the 
texture-mapped type, except that the 
texture exists in space surrounding the 
polygon. Objects constructed vrith such 
polygons reflect the environment in which 
they are placed. They are critical for repre¬ 
senting objects such as automobiles with 
glossy paint and glass. 

The applications that lay the heaviest 
demands on systems, however, are those 
generally classified as scientific visualization. 
Because of the nature of this type of work, it 
is not possible to know in advance exactly 
what types of features or performance 
metrics will be critical. When visualizing 
multidimensional data, scientists may look at 
a wide range of data types, including 2- and 
3-D geometric data, 2-D image sampled 
data, 3-D volume sampled data, N-dimen- 
sional array data, and more. 

DRAWING CONCLUSIONS. To the benefit of the 
computer consumer at any level, therefore, 
there are a wide variety of advanced 
benchmarks and benchmarking suites that 
can run on just about every computer being 
manufactured today (at least in the United 
States and Germany). The perplexing thing 
is how to identify which of them is mean¬ 
ingful in the context of how the system will 
ultimately be used. For those planning to run 
a particular type of application—-such as 
molecular modeling, CAD/CAM (computer- 
aided design and manufacturing), finite- 
element analysis, or image processing—it is 
always best to use existing benchmarks 
based upon that type of application. If none 
exists, ask the vendors under consideration 
to run a special benchmark that stresses the 
system in the same sort of way as would the 
designated application. 

For users expecting to perform a variety 
of functions or who expect that the 
computer system will serve a variety of 
users, the benchmarking suites are a good 
place to start. But as indicated earlier, 
factors such as the amount of memory and 
disk in the system can dramatically change 
the overall performance of the system, and 
must therefore be taken into consideration. 
All in all, benchmarks offer some good 
guidelines about certain aspects of system 
performance, but should be used only with a 
good understanding of their capabilities and 
limitations. 

ABOUT THE AUTHOR. Joshua Mogal (M) is 
product manager, advanced systems, for the 
Computer Systems Division of Silicon 
Graphics Inc. in Mountain View, Calif. ♦ 
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The Ultimate Combinatbn Of Fbwer And Ease-Of-Use. 
Now Available For Both Windows OS/2. 


I CArSupoProject 


Introducing the first pro¬ 
ject manager your entire 
company can use. 

For power 
users, there are 
dozens of new fea- -rzs,. 
tures, functions and an internal develop¬ 
ment language that makes creating ad¬ 
vanced macros quick . 
and easy. 

For beginners, 
the easiest, friend¬ 
liest interface and 
shortest learning 
curve in the industry. 

The new graphics and reporting 
options will make every user look like a 


Windows. 

Compatible ▼ 

Buy one version, 
get the other FREE. 


genius. And 
since it runs 
under 
Windows 
and OS/2, 
you won’t 
be burning 
any bridges. 



FOR A FREE DEMO DISK CALL 
1-800 CALL CAI EXT. 240. 

Call today to test-drive the award- 
wining project management WOI 
software that can a ^ m 

help you manage \m0MPUTER 

the future. J^SSOCIATES 

Today. Software superior by design. 


New CA-SuperProject 3.0. 

a Computer Associates International, Inc., One Computer Associates Plaza, Islandia, NY 11788-7000. All product names referenced herein 
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FOCUS REPORT: WORKSTATIONS AND PCs 


X, as in expediency 


X terminals can help a 
network of widely dispersed 
workstations ensure the 
most efficient use of its 
computing pmer 

11 the people do not use all 
the power of all a com¬ 
pany’s computers all of the 
time. Utilization of this idle 
power is what makes X ter¬ 
minals so valuable, and why 
organizations are adopting 
them in droves. 

Indeed, the X Window System has received 
“Yiear catholic acceptance among technical 
applications and users,” according to Stephen 
Auditore, president of the X Business Group, 
a Fremont, Calif., consulting firm, as it is 
finding widespread use in nontechnical 
industries as well. His company’s research 
indicates that the market for X products and 
services grew by more than 60 percent in 
1992, to US $820 million. It also shows that 
nearly half a million X terminals are in 
use t^ay. That means there is roughly one 
X terminal for every two X-compatible work¬ 
stations, or one for each X-compatible PC. 

These less expensive terminals deserve 
their desktop spot beside their costlier 
partners for a goc^ reason. 'They concentrate 
on the human side of computing. Their func¬ 
tion is not to provide the resoiurces needed 
for complex computations, but rather those 
for fast and effective transfer of information 
between the user and the system. 

There is a restriction: applications em¬ 
ployed by an X terminal user must support 
the open X standard of the X Consortium at 
the Massachusetts Institute of Technology, 
Cambridge. (As of this writing, the current 
version of the X standard is XU Release 5.) 
But, as many applications do support X, users 
are likely to find one that suits them. 

The X standard defines how a so-called 
display server controls communication be¬ 
tween the user’s mouse or keyboard and the 
application and, conversely, between the ap¬ 
plication and display windows. Applications 
communicate with the display server using 
calls to the Xlib, a library of C-language sub¬ 
routines, which resides with the application in 
the host ^tem. The Xlib in turn emplo)^ the 
X-wire protocol to communicate display in- 

Richard Comerford Senior Editor 



formation to the display server. 

Although information display is an es¬ 
sential function of X terminals, the X standard 
does not specify any one graphic user in¬ 
terface (GUD. Instead it lets GUIs be built on 
top of the X standard with the help of a tool 
kit, a style guide, and a window manager. A 
tool kit is a set of high-level subroutines for 
generating menus, scroll bars, push buttons, 
and other basic elements of a GUI, dubbed 
widgets. The style guide is a set of rules that 
explains how the application should react to 
the user’s manipidation of widgets; it de¬ 
scribes the “look and feel” portion of the GUI. 
The window manager controls the interface 
elements in accordance with another set of 
rules that specify the allowable sizes and po¬ 
sitions of windows and widgets. 

Tool kits and window managers are dis¬ 
tributed with the X window standard, but they 
are there to serve as samples of what such 
kits and managers should do, and are not 
really a part of the standard. Thus X systems 
may support GUIs ranging through the Open 
System Foundation’s Motif, Sun Microsys¬ 
tems’ OpenLook, Digital Equipment’s DEC- 
Windows, Hewlett-Packard’s New Wave, 
Microsoft’s Windows, and others. As for tra¬ 
ditional computer terminal displays, the 
standard supports them with a terminal em¬ 
ulation program. 

What’s more, the X standard defines a 
mechanism for incorporating extensions, so 
that new terminals can add features without 
becoming incompatible vrith existing systems. 
This mechanism has allowed the consortium 
(through a subcontract with Sun Microsys¬ 
tems Inc., Mountain View, Calif.) to add 
PEX—extensions based on the Phigs and 
Phigs Plus. Phigs—the programmer’s hier¬ 
archical interactive graphics system—is a 
graphics library used to display and interact 
with three-dimensional images. As a library 
standardized by the International Organiza¬ 
tion for Standards, it provides portability of 3- 
D graphics between many different computer 
operating systems and GUIs. Phigs Plus 
(where Plus is an acronym for “plus lumiere 
und surfaces,” emphasizing the standard’s in¬ 
ternational leitmotiv) was approved by the 
ISO in 1991 and adds definitions for lighting, 
shading, and other advanced graphic oper¬ 
ations to Phigs. 

SELECTION CRITERIA. These days, money does 
not just talk, it screams. So just how does the 
price of an X terminal compare with that of 
network-ready PCs or workstations? For the 
same size of screen and input device, an X 
terminal will cost half as much as a low-end 


desktop computer, and as monitor size rises, 
so does the price ratio. 

Because fte X Window System has become 
so popular, almost any workstation today can 
serve as host to an X terminal. As noted 
earlier, there is already a slew of applications 
that work with the X system, but cautious 
buyers will want to check with their appli¬ 
cation vendors just to be on the safe side. 

In fact, one of the pleasures of buying X 
terminals is that there are relatively few 
criteria to consider. First, there is the matter 
of the display. X terminals offer color or black- 
and-white and, if the latter is preferred, a 
choice of gray-scale or monochrome. As with 
workstations, display diagonals run from 14 to 
21 inches, and resolutions go from 1024 by 
768 picture elements up throu^ 1024 by 1024 
pixels to 1152 by 900. In choosing display size 
and resolution, the most important consid¬ 
eration is consistency with the other work¬ 
station displays. The mouse and keyboard 
options should be as rich as those offered for 
workstations. 

Determination of graphics performance— 
how quickly the terminal can paint the screen 
vrith text and graphics—is much the same as 
for workstations, and Xstones, a suite of 
display applications, are a popular benchmark 
here. Performance is one of the things a 
buyer pays for, and typical performance mea¬ 
surements range from more than 50 000 to 
over 100 000 Xstones. 

An X terminal’s internal dynamic RAM 
should be large enough to support whichever 
GUIs will be used. As these interfaces may 
change, it is useful to be able to upgrade 
memory in the field. 

In the communication area, no standard 
exists to date to determine how well an X 
terminal will perform, so users may want to 
fly before they buy. Unlike the timeshared 
host of the 1970s, workstation hosts are not 
likely to be burdened by serving X terminals, 
provided the workstation does not have to do 
a lot of paging. Users will want to be sure that 
the host has enough RAM for local appli¬ 
cations plus that needed for the terminal ap¬ 
plications. 

Do not worry that X terminals will saturate 
the network bandwidth. X terminal commu¬ 
nications are bursty and usually require only 
small data packets (^ically l()0-200 bytes), 
which makes them ideal for Ethernet envi¬ 
ronments. Still, the X standard is network in¬ 
dependent, so an X terminal is at liberty to 
support a wide variety of networks: Ethernet, 
token ring, the Integrated-Services Digital 
Network (ISDN), and so forth. ♦ 
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X terminals: a representative sample of those available 


Central 

Performance processing Operating systems 
ratings j unit’ | supported 

Coior 


C.ltoh Technology, CIT-XE, US $2827, 5 days | 

Xstones: 

60k 

Tl 34020 
and 340 X 
(optional 
processor) 

Partial CIT-XE; AIX, Sun 

OS, HP 9000, SGI, DEC 

N.A. 

4 MB (36 
MB), 70 ns 

21-inch, 
1280x1024 
(17-inch, 
1280x1024) 

Thick E; 

BNC; 

parallel; 

serial 

Unix-like kernel allows full process 
control, ease of networking, and 
remote diagnostics 

Hewlett-Packard Co., HP70 

D/RX19Ca,$4995,2weeks | 

Xstones: 

93k 

Intel i960 

SCO ODT, AIX, Sun OS, HP 
9000 series 800 and 700 

On CPU 
chip 

4 MB (18 

MB) 

19-inch, 

1280x1024 

1 Thick E; 

BNC; para¬ 
llel; serial 


Human Designed Systems Inc., VIewstatlon FX19CI, $1699,30 days | 

N.A. 

Intel i960 

Unix, Sun OS, VMS, DOS, 
AIX, Mac 

On CPU 
chip 

4 MB (68 

MB), 70 ns 

19-inch, 
1280x1024 
(several sizes, 
resolutions) 

Thin, thick, 
and twisted¬ 
pair E; para¬ 
llel; serial 

IBM, DEC, Sun, 3270, multinational 
keyboards; mouse or trackball 

Jupiter Systems, IVIX600, $6 

500,30 days | 

Xstones: 

80k 

Intel 1960 

N.A. 

On CPU 
chip 

4 MB (128 
MB), 80 ns 

19-inch, 

1280x1024 

1 E, parallel 

(2nd E, 

1 SCSI 2) 

1 Hardware pan, zoom standard; I 

options include up to six color 

1 monitors and hard-disk drive 

Network Computing Devices Inc., MCX17, $4295,30 days | 

Xstones: 

100k 

I 

Motorola 
88100; 
three ASICs 
for graphics 

Any compatible with X 
Window system protocols 

On CPU 
chip 

6 MB (68 

MB), 80 ns 

17-inch (up 
to 1152 X 
900) 

Choice of 
three E; 
serial (TR) 

Audio support; cable security cover; 
wide range of keyboards; 3270 and 
VF320 local clients; local window 
manager 

Phase X Systems Inc., PX19CA2, $3495,4 weeks | 

Xstones: 

56k 

AMD 29000 

Unix, VMS, Ultrix 

None 

4 MB (16 

MB), 70 ns 

19-inch, 

1280x1024 

Thin and 
thick E; seri¬ 
al (twisted¬ 
pair E) 

One-year warranty; hotline support; 
two-day service; options include 
Sun or DEC keyboard 

1 Tektronix Inc., XP338, $599! 

), 4 weeks | 

Xstones: 

105k 

MIPS 

R3000; 

TMS34020 

graphics 

Unix, VMS, Ultrix, AIX, Sun 
OS, HP 9000, SGI 

1 None 

BHHI 

5 MB (32 

MB) 

19-inch, 

1280x1024 

Choice of 
two E; two 
serial 

Options include IBM PS2, DEC 
VT200, or Sun keyboard and opti¬ 
mization kits for DEC, Sun 

Hewlett-Packard Co., HP 70 







Xstones: 

gsk 

Intel i960 

SCO ODT, AIX, Sun OS, HP 
9000 series 800 and 700 

1 On CPU 

chip 

4 MB (18 

MB) 

Grayscale, 

19-inch, 

1280x1024 

Thick E; 

BNC; serial; 
parallel 

- 

Human Designed Systems Inc., VIewstatlon FX19, $1699,30 days | 

N.A. 

Intel 1960 

Unix, Sun OS,VMS, DOS, 

AIX, Mac 

On CPU 
chip 

4 MB (68 

MB), 70 ns; 
internal flash 
PROM, 2 MB 

19-inch, 
1280x1024 
(several sizes, 
resolutions) 

Thin, thick, 
and twisted¬ 
pair E; para¬ 
llel; serial 

IBM, DEC, Sun, 3270 multinational 
keyboards; mouse or trackball 

1 Network Computing Devices Inc., NCD19r, $2895,5 days | 

Xstones: 

88k 

MIPS 

R3000; ASIC 
for graphics 

Any compatible with X 
Window system protocols 

N.A. 

4 MB (20 

MB) 

19-inch 

1280x1024 

Choice of 
fhree E; TR; 
serial 

3270 and VF320 local clients; local I 
window manager; non-glare screen; 
wide range of keyboards 

Phase X Systems Inc., PX19I 

M, $1495,4 weeks | 

Xstones: 

77k 

AMD 29000 

Unix, VMS, Ultrix 

None 

3 MB (18 

MB), 70 ns 

19-inch, 

1280x1024 

Thin and 
thick E; seri¬ 
al (twisted¬ 
pair E) 

One-year warranty; hotline support; 
two-day service; options include 
Sun or DEC keyboard 

1 Tektronix Inc., XP11, $995,4 weeks | 

Xstones: 

72k 

TMS 34020; 
two ASICs 
for graphics 

Unix, VMS, Ultrix, AIX, Sun 
OS, HP 9000, SGI 

None 

4 MB (12 

MB) 

15-inch, 

1024x768 

Thin, thick, 
and twisted¬ 
pair E (two 
serial) 

Options include IBM PS2, DEC 
VT200, or Sun keyboard and opti¬ 
mization kits for DEC, Sun 


Floating¬ 



point Dynamic 



accelerator RAM’^ 

Monitor’ Interfaces’” 

Other features and options” 


N.A, = not available from the vendor. 

1 Terms in parentheses indicate options offered by vendors. 

2 Optional RAM sizes in parentheses are maxima. 

3 E = Ethernet; TR = token ring; SCSI = small computer systems interface. 
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Mathematica 


THE DEFINITIVE SYSTEM FOR 
TECHNICAL COMPUTATION 


“Not merely a product but a revolution " 

— Macworld 

“The importance of the program cannot 
be overlooked" 

—New York Times 


Basic function: Integrated environment for 
numerical, symbolic, graphical computation, 
interactive programming. 

Users: Scientists, engineers, mathematicians, 
programmers, financial analysts, students. 
Over 150,000 worldwide. Includes all 50 
largest U.S. universities. 

Numerical computation: Arbitrary-preci¬ 
sion arithmetic, complex numbers, special 
funaions (hypergeometric, elliptic, etc.), com¬ 
binatorial and integer functions. Matrix opera¬ 
tions, root finding, function fitting, Fourier 
transforms, numerical integration, numerical 
solution of differential equations, function 


■Numerical Computation 

25031555049932416013155719860S5S49 

**^.00403761 - 0.00295663 I 

Symbolic computation: Equation solving, 
symbolic integration, differentiation, power 
series, limits. Algebraic operations, polynomial 
expansion, factorization, simplification. Oper¬ 
ations on matrices, tensors, lists, strings. 



Graphics and sound: 2D, 3D plots of func¬ 
tions, data, geometrical objects. Contour, 
density plots. 3D rendering with intersecting 
surfaces, lighting models, symbolic descrip¬ 
tions. Color PostScript output, combining and 
labeling, publication quality graphics, anima¬ 
tion (most versions). Sound from waveforms 
and data (most versions). 

Programming: High-level, interactive, symbol¬ 
ic language. Procedural and functional program¬ 



ming constmcts. Transformation rules and pat¬ 
tern matching. Fully compatible on all platforms. 
No built-in limitations on computation size. 



External interface: Input of data (numbers, 
records, text) from files, programs. Output in 
TeX, C, Fortran, PostScript. Calling of external 
programs and funaions. General MathLink!^ 
interprocess communication mechanism. 

User interface: Elearonic book interaaive 
documents mixing text, graphics, animations, 
calculations. Graphics, animation, sound in¬ 
terapplication compatibility. Style sheets, hi¬ 
erarchical outlining. Computation kernel can 
run on remote computer (most versions). 
Additional material: Journal, newsletters, 
more than 30 books. Add-on packages, free 
MathSource“ elearonic resource. 


Versions: Macintosh • Microsoft Windows 

• MS-DOS • NEC PC • DEC RISC, VAX • HP 

• IBM RISC • MIPS • NeXT • SGI • Sony • 
SPARC, Sun-3 • CONVEX and others • Net¬ 
work licensing available. Student versions. 
Now shipping Version 2.2. 

For the latest information call Wolfram Research at: 

1-800-441-MATH 



Wolfram Research 

100 Trade Center Drive, Champaign, IL 61820-7237, USA 
+1 -217-398-0700: fax: +1 -217-398-0747; email; info@wrixom 

Wolfram Research Europe Ltd. 

Evenlode Court, Mam Road, Long Hanborough, Oxon 0X8 2LA, UK 
+44^01993-883400; fax: +44I0)993-883800; email: info-euro@wri.com 
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The Quickest Tool for 
Analyzing Data and Images 



NEW! Spyglass® Transform 3.0 

•Labeling •Animations • Scripting language 

• Direct import of many new data types 

• Same features for UNIX and Macintosh versions 


mTHMmn 


This Product Connects 
To Mathenriatica” 


Whether you work with numerical matrices, spreadsheet data, or satellite images. 
Spyglass Transform makes data analysis faster and more effective. Use Spyglass 
Transform alone for analysis and presentation, or use it for a quick snapshot of 
your data before using msualization or computational environments. An 
intuitive user interface lets you do it all with absolutely no programming! 

Just Click ... 

...to import virtually any data or image file format, including 
ASCII, binary, TIFF, FITS, HDF, GIF, MatLab®, XWindow, 
PBM, GRASS and others. Your data appears instantly in a 
spreadsheet display that works interactively with the images 
and plots you generate from the data. 


Just Click... 

...to create color raster images, contour plots, vector plots, sur¬ 
face plots, and line graphs. Compare multiple images and 
datasets, and generate animations. Overlay plots for com¬ 
posite graphics. Select from the 2Q+ supplied color tables or 
import new tables. Add titles, labels, and tick marks for pre¬ 
sentations. Print out any image or plot. 

Just Click... 

... to use built-in manipulation functions and kernel convolu¬ 
tions, as well as mathematical, trigonometric, and statistical 
functions, or call external custom functions. Make macros to 
perform identical operations on different datasets. Smooth 
and resample data arrays by a variety of methods, and fill 
missing values. Export data and images to other programs. 

SPYGLASS 


♦ Macintosh $595 

♦ UNIX (Floating Ucense—Sun, IBM, HP, DEC, SGI) $995 



1-800-647-2201 



Special Offer on 
Spyglass Transform 

and Mathematica 


^ Spyglass Transform 3.0 supports 
Math Link, allowing you to send ar- 
> and Transform commands 
1 within Mathematica—now it's 
easy to visualize Mathematica-generated functions as 
plots and images in Transform. To mark the connec¬ 
tion of these two superb software products. Spyglass 
is offering a special price when you buy Transform and 
Mathematica together. Call 1-800-647-2201 for details. 






Spyglass, Inc., 1800 Woodfield Dr., Savoy, IL 61874 tel: (217) 355-6000 lax: (217) 355-8925 or—Australia: MacScience 03 499 2607; France; RITM 
Inc. Trademarks: Spyglass. Spyglass, Inc.; Mathematica and MathLink, Wolfram Research, Inc. UNIX, AT&T Information Systems; Macintosh, Apple Computer, Inc.; - 


nany: SW Design 024 08 60 71, Vistec 06112 
UK: Adept 0462 480 055 © 1993, Spyglass, 
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FOCUS REPORT: WORKSTATIONS AND PCs 


of workstations & supercomputers 


Figuring out which of the two 
types of machine best suits a 
problem requires constant 
attention as both classes 
continue to evolve 



ne of the more heated 
topics in high-performance 
computing circles today is 
the evolving relationship 
between supercomputers 
and workstations. When 
supercomputers were new, 
users typically got access 
to them through mainframes. Later, as 
workstations grew in popularity and power, 
they became the most usual supercomputer 
front-end. Now, the emergence of more 
powerful workstations—especially work- 
station-based clusters and multiprocessor 
configurations, has spurred a debate about 
the future of the alliance. 

Most industry observers agree that the 
basic alliance will continue because work¬ 
stations and supercomputers remain com¬ 
plementary. Advances in hardware and 
standards-compliant software have made it 
possible to exploit the combined capabilities 
of networked supercomputers and work¬ 
stations in a way that is largely transparent 
to the user [see “Microscopy at a distance,” 
p. 681. For the foreseeable future, any direct 
competition between combinations of work¬ 
stations, on the one hand, and supercom¬ 
puters, on the other, will probably be 
confined to the low end of the super¬ 
computer market—systems 
priced at US $300 000 to $1 _ RGOUirBIlIBntS 

million, which were once called 
minisupercomputers and now 
go hy the name of entry-level 
systems. 

The performance improve¬ 
ments of single-chip micro¬ 
processor technology have 
been impressive, but have not 
led to the replacement of 
current-generation supercom¬ 
puters by lesser machines. In 
the two cases to date where 
companies claimed their work¬ 
station clusters replaced a su¬ 
percomputer for some appli¬ 


cations, the systems in question were 1982- 
era Cray Research machines—equivalent in 
performance and market value to today’s 
entry-level supercomputers. 

This demonstrates yet again a long¬ 
standing computer industry reality: the per¬ 
formance boundaries of all classes of sys¬ 
tems are constantly advancing. While 
workstation products now easily handle 
some problems done on past-generation su¬ 
percomputers, supercomputers have 
evolved to tackle problems that were once 
intractable. PCs can now handle some tasks 
that required workstations only a few years 


CATEGORIZING APPLICATIONS. The real 
problem is to define the networked com¬ 
puting resource best suited for a particular 
application. Clearly, many applications have 
always been more appropriate for work¬ 
stations than supercomputers; and with the 
advent of more powerful microprocessors, 
the scope of workstation-class applications 
has increased dramatically. 

Five or six years ago, for example, even 
the simplest structural analysis (linear static 
analysis) of a model, involving 10 000 
degrees of freedom, required a super¬ 
computer. Today, productive engineering on 
models of that size and complexity can be 
done on high-end workstations, running the 
same structural analysis programs formerly 
regarded as suitable only for supercom¬ 
puters—Ansys, Abaqus, and MSC/Nastran, 
for example. 

But during this same period, supercom¬ 
puters have scaled structural analysis simu¬ 
lation into an entirely new range—starting 
at 250 000 degrees of freedom and ex- 


Mark Furtney Cray Research 
George Taylor Sun Microsystems 




Resources 


Functional requirements 

PCs and 
workstations 

Servers 

(mid-range) 

Super¬ 

computers 

User interface 

• Low complexity 

• Fast interaction (seconds) 

• Visualization 

Transparency 



Capacity 

• Middle complexity 

• Medium turnaround time 
(minutes) 

• High throughput 

Throughput 

Throughput 

Throughput 

Capability 

• High complexity 

• Long turnaround time 
(hours) 

• Mission success 



Complexity -h 
time 


tending to millions of degrees. Problems 
using ANSYS, an I/O-intensive structural 
analysis program, have run on the 16- 
processor CRAY C916, for example, at sus¬ 
tained speeds of 6-7 billion floating-point op¬ 
erations per second (gigaflops). 

What this and similar examples indicate is 
that the ranges for workstation-class and su¬ 
percomputer-class problems are advancing 
concurrently as both types of systems 
become more powerful. As a result, the es¬ 
sential division of labor between work¬ 
stations and supercomputers remains intact. 

Parallel vector supercomputers—and, 
less extensively to date, systems of mas¬ 
sively parallel processors (MPPs)—are used 
to solve problems that are too large, too 
complex, or too time-critical to tackle on 
workstations or workstation-based configu¬ 
rations. Shorter time-to-solution is, of 
course, more than just a user convenience. 
The ability to simulate large-scale problems 
more quickly, hence also to perform more it¬ 
erations in a given timeframe, can be a 
critical competitive issue affecting time to 
market. 

CATEGORIZING COMPUTERS. As a framework 
for discussing problem domains, it is useful 
to consider what each computing resource 
on the network is and does best. This 
analysis employs sustained floating-point 
performance to distinguish among classes of 
computers, since theoretical peak per¬ 
formance claims are of little value in real 
computing situations. 

PCs are generally priced below $3000 and 
deliver floating-point performance of less 
than 10 megaflops, unless specialized add-in 
boards are employed. 

Workstations satisfy needs 
similar to those of PCs, but are 
„ generally quite a bit faster 
.1(5-50 megaflops) and have a 
imore sophisticated system or- 
■^ganization. Workstations gen- 
lerally range in price from 
I $5000 to $50 000, although 
I high-end workstations with 
^ specialized capablities can cost 
more than $100 000. 

Servers include multipro¬ 
cessor workstations, work¬ 
station clusters, mainframes, 
and entry-level supercom¬ 
puters (parallel vector pro¬ 
cessors or MPPs). Prices 
range from $100 000 to well 
over $1 million. Floating-point 
performance is generally well 
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Computational complexity of some technical problems, in number of 
computer operations required 


Turbulence: aircraft 


Strategic defense 




10^1 






[1] The computational complexity of technical problems varies over an enormous range. Even if attention 
restricted to large-scale problems, the complexity (in operations required) spans a range ofMffl 


under 1000 megaflops, although high-end 
servers can approach that level. The work¬ 
station cluster, a relative newcomer to the 
server class, is a collection of workstations 
on a network, loosely coupled as a “meta¬ 
computer.” The coupled machines col¬ 
laborate on problem-solving, using a com¬ 
munications mechanism such as a 
message-passing library or distributed 
shared memory. 

The advantages of entry-level supercom¬ 
puters are several: moderate costs in com¬ 
parison with larger machines, compatibility 
with a large set of supercomputer appli¬ 
cations, and compatible scalability with more 
powerful supercomputers as problems grow 
in size or complexity. 

Supercomputers may be parallel vector 
systems or MPP machines. Sustained 
floating-point performance on super¬ 
computer-class sytems begins at about 1000 
Mflops (1 Gflops). Prices for this class of 
system typically extend from about $1 
i^on to $30 million or more. 

The most powerful current supercom¬ 
puters have sustained 5 Gflops or more on 
some full application codes. In the 1992 
Gordon Bell Prize contest, the highest-per¬ 
forming MPP system sustained 5.4 Gflops 
on an application. The top-of-the-line CRAY 
C916 system from Cray Research Inc., 
Eagan, Minn., has sustained 10-12 Gflops on 
a number of full third-party applications. 

THE NEED FOR SPEED. One of the forces driv¬ 
ing performance in computers is the desire 
on the part of most users for applications 
that respond interactively. The delay that 
users of all types of computers are willing to 
endure until a computer responds seems to 
be lessening as time goes on. These users 
want answers to existing problems more 
quickly than before, and they want to be able 
to tackle new problems that time or size 
constraints previously made intractable. 

As computer performance improves, 
more problems become solvable interac¬ 
tively by a given class of machine. None¬ 
theless, a problem will always fall into one of 


three categories: interactive-class, capacity- 
class, and capability-class [Table 11. 

Interactive-class problems are those that 
are solved in essentially real time on all but 
the lowest-end computers. Any application 
that relies principally on a graphical user in¬ 
terface is in this class; the business produc¬ 
tivity applications typically run on PCs, such 
as word processors, spreadsheets, and 
graphical illustration programs are the most 
familiar examples. 

Fast workstations have allowed com¬ 
puter-aided-design (CAD) packages to enter 
the interactive class. It is now possible to use 
a workstation to perform interactive logic 
and circuit simulation for IC design and to 
perform animated architectural walk¬ 
throughs of buildings that are still under 
design. 

Capacity-class problems are those that 
any class of computer system can solve, but 
with markedly different throughput rates. A 
system’s throughput on capacity-class 
problems is directly related to its sustainable 
compute power. The type of computer 
system most appropriate for capacity-class 
problems depends on the circumstances— 
how much throughput is required to 
maintain user productivity in a given sit¬ 
uation. A capacity calculation that takes 15 
minutes to complete on a workstation will 
usually be done on a workstation, since this 
does not seriously disrupt productivity. 

A problem that would remove a work¬ 
station from use for 12 hours, however. 


« might require other options. 
I If time-to-solution is not 
I critical and the problem is 
not too large, it can be solved 
” overnight on a workstation. 
I But if solution time is im- 
I portant, the calculation typ¬ 
ically is assigned to a higher- 
throughput server or super¬ 
computer on the network. 

Capability-class problems 
are tractable only because of 
supercomputers. These prob¬ 
lems are both complex and 
time-critical. Problems that 
are complex but not time- 
critical can be run on an 
entry-level supercomputer 
or some mid-range com¬ 
puters. The same holds for 
problems that are time- 
critical but not so complex. 

Consider, for example, a medium-scde ap¬ 
plication with a total complexity of 10“ op¬ 
erations, such as problems in chemistry, tur¬ 
bulence, or visual simulation [Fig. 1]. A 
workstation running in the range of 10^ to 
10® operations per second would take 10“* to 
10® seconds—a few hours to a day—to solve 
the problem. The user’s schedule might 
make this entirely satisfactory. 

If the solution were more time-critical, 
though, then a server with an execution rate 
of 10® to 10® operations per second could 
achieve the result in half an hour to a few 
hours; or a supercomputer with a (sustained) 
rate of 10® to 10“ operations per second 
would take only a few minutes. 

Really large problems today have com¬ 
plexities on the order of 10“ operations. For 
a supercomputer-class calculation like this, a 
workstation would need a runtime of 10' to 
10® seconds—one to three years—to com¬ 
plete a single instance of the problem. 
Parameter studies, in which hundreds or 
thousands of runs are made to produce a 
profile of the solution space, could take 
decades. Workstation clusters might reduce 
these times, provided the problem mapped 
well onto their loosely coupled processor or¬ 
ganization. But the solution time on a multi¬ 
processor workstation, workstation cluster, 
or entry-level supercomputer would stiU be 
unacceptable to most users. 

ANALYZING APPLICATIONS. In sum, the class 
of a problem is directly related to the type of 
(Continued on p. 68) 

Uniformity of parallelism 


[2] Computer appli¬ 
cations can be use¬ 
fully classified on the 
basis of four main at¬ 
tributes: degree of par¬ 
allelism, uniformity of 
parallelism, granular¬ 
ity of synchronization, 
and communications. 
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Servers: a representative sample of those available 





Memory 




Pertormance 

ratings’ 

Central pro¬ 
cessing unit 

Operating 

systems^ 

Main*’= 

Hard drive^ 

Tape 

backup' 

CD 

ROM' 

Monitor’ 

interfaces^ ® 

Other features and options' 

Low end(und 

erSIOOOO) 

CompuAdd Computer Corp., CompuAdd MC 466EDX Tower, $4729-417 000, varies | 

MIPS: 

26.33; 
Landmark: 
222.91; 
Norton 5.0: 
127.8 

Intel I486 
DX2/66 

MS DOS 

5.0, MS 
Windows 

3.1 (Unix 
Interactive 
Systems, 

OS/2 2.0) 

Cache; in¬ 
ternal, 8 KB; 
external, 
64-256 KB 
RAM: 4-256 
MB, 80 ns 

Internal: 

500 MB, 

SCSI 
(4.1 GB) 
External: 

N.A. 

0 

0 

Color: 14- 
inch, 640 X 
480 pixels 
(mono¬ 
chrome: 14- 
inch, 600 X 
800 pixels) 

C, two RS- 
232C serial 
ports (E, 

TR, SCSI, 
SCSI 2) 

Upgradable with future Intel 
Pentium-based OverDrive 
processors; flash BIOS for 
updating via software, 4- 
hour response on-site 
service in major metro¬ 
politan areas; 5 Internal and 

4 external drive bays 

Dell Computer Corp., Dell 466SE/DSA, $7994-$19 000,11 

Q days { 

N.A. 

Intel I486 
DX2/66 

MS DOS 

5.0, MS 
Windows 

3.1 (Unix 
SVR4, OS/ 
21.21) 

Cache: in¬ 
ternal, 8 KB; 
exti., 128 

KB, 14 ns 
RAM: 8-128 
MB, 80 ns 

Internal: 1 
GB(7GB) 
External: 57 
GB total 

0 

0 

Color: 14- 
inch, 1024x 
768 

SCSI 2, C 
(E,TR) 


Laser Digital 

nc.. Pacer Vesa 486-50 Mult 

media Server, $4475, 7 days | 

MIPS: 22; 

Power 

MeterV;17 

Intel I486 
DX/50 

MS DOS 

5.0, MS 
Windows 

3.1 NT 

Cache: inti., 
N.A.; ex¬ 
ternal, 

64-256 KB, 
20 ns 

RAM: 4-128 

Internal: 

200 MB 
(650 MB) 
External: 

N.A. 

0 

s 

Color: 14- 
inch, 1024x 
768 (color: 
17-inch, 
user 
options) 

SCSI 2, C 
(E, TR, 

Arcnet) 

CD-ROM, 16-bit stereo 
Media Concept Pro Sound 
card, 2 external speakers, 
full-size microphone 

Moblus Computer Corp., Protege Series, Model P466is, $1 

5220-$7000,7-10 days, ARO { 

MIPS: 40; 
Xstones: 

15K (Super 
VGA) 

N.A. 

Unix 

(Choice of 
SCO/ODT, 
Interactive 
Systems, or 
Unix Ware) 

Cache:in¬ 
ternal, N.A.; 
external, 
252-512 KB 
RAM: 8-128 
MB, 70 ns 

Internal: 

535 MB, 

(1.21 GB) 
External: 4 

GB 

0 

0 

Color: 14- 
inch, 1024X 
728 (17- 
inch, 1280x 
1024) 

E, SCSI, 

SCSI 2, C 


1 Sun Microsystems Computer Corp., SPARCclassic Server, $5295,5-10 days { 

MIPS: 59.1; 

Mflops: 4.6; 

Specint92: 

26.4; 

Specfp92: 

21.0 

Tl Micro 
SPARC 50- 
MHz RISC 

Solaris 2.x 

Cache: in¬ 
ternal, 6 KB 
(2 KB data, 

4 KB instr.); 
external, N.A. 
RAM: 16-96 
MB, 60 ns 

Internal: 1 

GB, SCSI 
External: 22 
GB,SCSI 

0 

0 

Mono: 19- 
inch, 1152 x 
900 (color: 

15- inch, 
1000x768; 

16- ,19- 
inch, both 
1152x900) 

E, SCSI 2, C 
(TR, Fast 
SCSI, 
buffered 
Ethernet, 

FDDI, HSI) 


1 Unisys Corp., PW2 Advantage Plus Model 4 

1668, $5443-$6553, immediat 

«J 

N.A. 

Intel I486 
DX2/66 

(SCO Unix, 

MS DOS 

5.0, MS 
Windows 

3.1, OS/2 

1.2, Novell 
Netware) 

Cache: in¬ 
ternal, 8 KB; 
external, 

256 KB 

RAM: 8-128 
MB, 80 ns 

Internal: 

525 MB 
(1 GB) 
External: 

N.A. 

0 

0 

(Color: 14- 
inch, 1068x 
768) 

SCSI 2, C, 
two serial 
ports, UPS 
signal port 
(E,TR) 

Upgradable to Intel Pentium 
(with 64-bit data path) 

Data General 

Corp., DG462 

i, $27 995, 20 1 








MIPS: 78; 
AIM: 591; 
Specint92: 
1097.9 

Dual 88100 

DC/UC 

Cache: 192 

KB 

RAM: 32 

MB (128 

MB) 

Internal: 

520 MB (1.9 
GB) 

External: 58 
GB 

s 

0 

N.A. 

N.A. 

N.A. 

Hewlett-Packard Co., HP 901 

)0 Server 800 Model 640, $30 000,4-6 weeks | 

MIPS: 68.9; 
Mflops: 20; 
Speclnt92: 
50.5; 

Specfp92: 
81.6; TPC-A: 
74.93 
(Informix) 

HP PA 7000 

HP-UX 

Cache: in¬ 
ternal, N.A.; 
external, 

256 KB 

RAM: 

32-512 MB, 
80 ns 

Internal; 

566 MB (6 

GB) 

External: 

100.4 GB 

s 

0 

Mono 

E, SCSI 2 
(TR, C) 
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Performance 

ratings' 

Central pro¬ 
cessing unit 

Operating 

systems^ 

Main^ ’ 

Memor) 

Hard drive" 

Tape 

backup^ 

CD 

RDM^ 

Monitor" 

Interfaces" ® 

Other features and options^ 

Intergraph, InterServe 2700, $12 500, N.A. | 

MIPS: 68.2; 

Specint92: 

24.5; 

Specfp92: 

35.8 

Intergraph 

Clipper 

C400 

UnixSVR3 

Cache: 16 

KB 

RAM: 

32-128 MB, 
80 ns 

Internal: 1 

GB 

External: 8.4 
GB 

0 

0 

N.A. 

E, SCSI, 
serial port, 
Versatec 
(TR) 


Sun Microsystems Computer Corp., SPARC 

Server 10, Mod 

el 41, $16 995 (minimum 

) 1 

MIPS: 109.5; 
Mflops: 

22.4; 

SPECint92: 

53.2; 

SPECfp92: 

63.4 

SPARC 
Version 8 

Solaris 1.1, 
2.1 

Cache: inti., 
16-20 KB; 
exti., 1 MB 
Super- 
Cache 

RAM: 

32-512 MB 

Internal: 

424 MB, 

SCSI 2 
External: 41 
GB 

0 

0 

N.A. 

E, ISDN, 

SCSI 2 (TR, 
Audio Port) 


Unisys, U 6011 

0/65, $24,000-$175,000,30 days | 

MIPS: 47; 
TPC-A: 75 
(Informix) 

From one 
(std.) to five 
Unisys U 
6000/65 

CISC units 

Unix 

SVR4.0 MP 

Cache: inti., 

8 KB, 20 ns; 
extI., 1 MB, 

20 ns 

RAM: 

16-256 MB, 
80 ns 

Internal: 1 

GB (4 GB) 
External: 44 
GB 

S 

0 

(Color or 
mono,14- 
inch ) 

SCSI, C (E, 
TR, ISDN) 


High end (ove 

r$45 000) 



Auspex Systems Inc., NS S5 

DO, $125 000-$ 

600 000,30 days | 

NSF lOPS: 
1703 

4(10) Sparc 
processors 

SunOS 4.1 

I/O cache: 
16-96 MB 
RAM: 20-68 
MB 

Internal: 2.0 
GB (40 GB) 
External: 

120 GB total 

0 

s 

Mono: 15- 
inch X- 
terminal 

E, SCSI 


1 Data General Corp., Aviion / 

iV 6280, $1991 

)00-$2 000 00( 

1,20 Days, ARI 

^ 1 

MIPS: 235; 
TPC-A: 

239.1; TPC- 
B: 316.83; 
Specint92: 
3245.0; AIM 
users: 1665 

Eight 

88100s 

DB/UX 5.4.2 

Cache: 5 MB 

RAM: 

256-768 

MB, 90 ns 

Internal: 1.4 
GB (4.2 GB) 
External: 

320 GB) 

S 

s 

N.A. 

SCSI 2 (E, 

C, sync, 
async) 

Can be configured with one 
or more disk arrays pro¬ 
viding RAID (levels 0,1, 3, 
5), redundant coding 
systems, power supplies, 
and controllers for nearly 
fault-tolerant performance 

1 Hewlett-Packard, HP 9000 Server 800 G50, $49 000,6 weeks | 

MIPS: 106; 
Mflops: 

30.9; 

Specint92; 

75.2; 

Specfp91: 

141.6 

PA 7100 

HP-UX 

Cache: in¬ 
ternal, N.A.; 
external, 

256 KB 

RAM: 

32-768 MB, 
80 ns 

Internal: 
566MB (6 

GB) 

External: 

100.4 GB 

s 

0 

Mono 

E, SCSI 2 
(TR, C) 


1 Intergraph, InterServe 6809, $73 900, N.A. | 

MIPS: 85; 
Mflops: 

16.3; 

Specint92:3: 

6.1; 

Specfp92: 

65.6 

Clipper 

C400 

Unix SVR3 

Cache: inti., 

16 KB data, 

16 KB instr.; 
exti., N.A. 
RAM: 

64-512 MB, 
60 ns 

Internal: 4.2 
GB (60 

GB+) 

External: 

N.A. 

s 

s 

N.A. 

E,SCSI 2, 
Versatec, 
FDDI, Serial, 
X.25 (TR) 

Fast Quad SCSI standard 

1 Sun Microsystems Computer Corp., Sparccenter 2000, $95 000,60 days | 

MIPS: 2.1; 
Mflops: 269; 
Specfp92: 

10 600 

2-20 Super 

Sparc 

processors 

Solaris 2.x 

Cache: inti., 

16 KB (36 

KB); exti., 

1 MB per 

CPU, 20 ns 
RAM: 69 
MB-5 GB, 

100 ns 

Internal: 

4.26 GB 
(386 GB) 
External: 17 
GB 

s 

s 

(Mono or 
color, 19- 
inch, 1152x 
900) 

E, SCSI, 

SCSI 2 (TR, 
ISDN, C) 



N.A. = not available from the vendor. 4.0 = optional; S = standard, 

1. MIPS = millions of Instructions per second; Mflops = millions of floating-point operations per second. 5. C = Centronics (parallel) port; E = Ethernet; FDDI = fiber distributed data interface; ISDN = integrated- 

2. Terms in parentheses indicate options offered by vendors. services digital network; TR = token ring; SCSI = small computer systems interface. 

3. Specified times are cache and RAM access times. 6. BIOS = built-in operating system; CD ROM = compact-disc ROM; RAID = redundant array of inde¬ 

pendent discs. 
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Microscopy at a distance 

A good example of how supercomputers and 
workstations work together is a pioneering 
medical research project involving the University 
of California at San Diego Microscopy and 
Imaging Resource, the San Diego Supercomputer 
Center, and The Scripps Research Institute. 

The project, now under way, is aimed at 
making the microscopy and imaging resource’s 
400 000-V transmission electron microscope ac¬ 
cessible to researchers nationwide through high¬ 
speed digital communications networks. That 
goal mirrors the direction of fhe Federal gov¬ 
ernment’s High Performance Computing and 
Communications (HPCC) program. Not sur¬ 
prisingly, therefore, a gigabit-per-second National 
Research and Education Network is being de¬ 
veloped around the San Diego medical research 
project under HPCC auspices. 

Normally, in electron microscopy work, a re¬ 
searcher sits at the microscope and records various 
views of a tissue sample for later comparison. At the 
microscopy and imaging resource in contrast, the 
researchers may be located away from the mi¬ 
croscope. They sit at workstations linked to a pro¬ 
totype capture/control workstation. Built around 
Sun Sparcstation 2 units, it transfers on-line control 
of the microscope to the remote users. 

Graphical interfaces on fhe remote work¬ 
stations interact with the capture/control work¬ 
station and, when necessary (for compute-in- 
tensive three-dimensional reconstructions), with 
the supercomputer center’s Cray Y-MP8 and the 
Scripps Institute’s Cray Y-MP2E systems. 

When a researcher requests an animation, 
for instance, the capture/control workstation 
collects a “tilt series” of 60 two-dimensional 
images from the microscope. These images 
are aligned and pre-processed by the cap¬ 
ture/control workstation, then sent to an appli¬ 
cation, called Suprim, that runs on the super¬ 


computer. There Suprim aligns and back-projects 
the images to produce a volumetric (three-di¬ 
mensional) dataset. Working with that dataset, the 
supercomputer center’s NetV software renders 
images from 72 viewing positions in a 360 
degree rotation. The resulting animation is sent to 
the remote workstation and added to the image 
database. 

This environment gives the remote researcher 
control of the electron microscope’s stage po¬ 
sition and magnification with nearly on-site effi¬ 
ciency. A microscope operator performs tasks, 
like focusing, thaf cannot yet be done remotely. 

The electron microscope is being used in new 
areas of biomedical science such as: the break¬ 
down of nerve cell components due to Alz¬ 
heimer’s disease; the structural relations of 
protein molecules involved in releasing calcium 
within neurons; and the 3-D organization of the 
Golgi apparatus, where sugars are added to 
proteins. 

The 3-D animations or stereo views help re¬ 
searchers to see, for example, minute differences 
between a normal brain cell and one from a 
patient with Alzheimer’s disease. 

Computer control and automation have the 
potential to make the electron microscope 
available to any researcher on the Internet. The ul¬ 
timate benefit of this pioneering collaboration will 
be new drugs and therapies for treating the full 
spectrum of health threats. 

—Phil Cohen, Mark El Usman, Phil Mercurio 

Phil Cohen is director for research and com¬ 
puting at The Scripps Research Institute: Mark 
Ellisman is staff physician and director of the San 
Diego Microscopy and Imaging Resource at the 
UCSD School of Medicine: Phil Mercurio is staff 
programmer analyst at the San Diego Super¬ 
computer Center. 


(Continued from p. 65) 

system that can best solve the problem. 
Another way of looking at this is to analyze 
the attributes of various applications. Figure 
2 provides a taxonomy of applications based 
on four key application attributes: scale 
(degree) of parallelism, uniformity of paral¬ 
lelism, granularity of synchronization, and 
communications. For simplicity, each of the 
four attributes is shown with only two 
values; in reality, each attribute constitutes a 
continuum. 

An application’s scale of parallelism cor¬ 
responds to the number of processors that 
could be kept busy if an unlimited number of 
processors were available. Uniformity of 
parallelism is the uniform average of the 
scale of parallelism as a function of time. An 
application has coarse-grain synchronization 
if there are many operations between syn¬ 
chronization points; it is fine grained if the 
number of these operations is small. Local 
communications occur across single links to 
which a node is directly connected; global 
communications occur across multiple links. 

Ideal applications for parallel computation 
would fall into category 16—high degree of 
parallelism, high uniformity of parallelism, 
only coarse-grain synchronization, and only 
local communications. Applications in this 
category are likely to run well on computer 
systems of all kinds. Some examples in this 
category are Gaussian, Spartan, Cadpac, 
LSDyna, and Disco (petroleum industry). 

The most difficult applications for ef¬ 
fective parallel computation, conversely, are 
those that fall into category 6—low degree 
of parallelism, low uniformity of parallelism, 
fine-grain synchronization, and global com¬ 
munications. This category of applications 
typically will not run well on workstation 
clusters or MPP systems and includes 
Nastran, Ansys, and Fluent. 

WHERE WORKSTATIONS WORK. The intercon¬ 
nection networks for loosely coupled work¬ 
station clusters have long latencies and low 
communications bandwidths in comparison 
with tightly coupled supercomputers. Hence, 
workstation clusters are best at solving 
problems having very coarse-grain synchro¬ 
nization and communications require¬ 
ments—meaning that a huge proportion of 
the problem involves computation, and a 
minute amount of synchronization and com¬ 
munication is needed. An example of such 
an application is rendering frames from a 
computer-animated movie: each frame may 
be assigned to a separate workstation in the 
cluster. Communication occurs only when 
frames are started and finished. 

As some workstation clusters evolve from 
loosely coupled multicomputer systems to 
more tightly coupled multiprocessor sys¬ 
tems, they become almost indistinguishable 
from low-end MPP systems—and face 
most, if not all, of the same basic challenges. 
These include applications conversion for 
medium- or large-scale parallel computation, 
developing strong parallel compilers, and 
substantial hardware redesign to enlarge in¬ 


terconnect and memory bandwidths. 

Powerful networking, having been pio¬ 
neered and proven over the past decade, is by 
now taken for granted by most users. Work¬ 
stations and supercomputers were the first 
disparate computing resources to be widely 
networked, and currently, the networking 
revolution is trickling down into the PC 
market as well. 

In the early 1980s, Cray Research became 
the first supercomputer firm to move to a 
Unix-based operating system. This step led to 
easy, transparent interaction with work¬ 
stations from a variety of leading vendors. In 
January 1992, the growing importance of the 
supercomputer-workstation link led Cray 
Research and Sun Microsystems Inc., 
Mountain View, Calif., to enter into a formal 
agreement to create an integrated software 
environment for application development and 
deployment. Cray Research is also using Sun 
technology to biaild high-end Sparc-based 
computers through the company’s Cray 
Research Superservers (CRS) subsidiary. 

Ideally, vendors will create a homogeneous 
distributed processing environment in which 


a given application may be run on each net¬ 
worked resource. In such an environment, 
an engineer might produce low-resolution, 
wire-frame proofs of an animated mul¬ 
timedia presentation of a new engine on a 
workstation. When the proofs were deemed 
ready, the engineer could develop a full-res¬ 
olution, solid-form, ray-traced version of the 
engine on the networked supercomputer 
without necessarily being a computer net¬ 
working expert. 

In heterogeneous distributed processing, 
by contrast, the computing resources are 
not architecturally compatible, and dis¬ 
tributing an application across both re¬ 
sources generally requires greater user so¬ 
phistication and intervention. 

ABOUT THE AUTHORS. Mark Furtney is a senior 
networking expert at Cray Research Inc., 
Eagan, Minn., where he has been heavily in¬ 
volved in parallel vector and massively 
parallel processor systems. George Taylor is 
director of microprocessor development at 
Sun Microsystems Inc., Mountain View, Calif. 
His interests include processor architecture, 
computer arithmetic, and biCMOS desiga ♦ 
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FOCUS REPORT: WORKSTATIONS AND PCs 



A survey of recent offerings 
for PCs and workstations 
indicates that users will have 
more choices than ever—at 
more reasonable prices 

he crossover of personal 
computer and workstation 
markets has started a 
whole new ball game in the 
peripherals arena. Vendors 
who once thought only in 
terms of providing for PC 
systems are now eyeing 
workstations, while their workstation coun¬ 
terparts are taking note of PCs. 

From this interaction, four developments 
seem to be emerging. One is that, as the dis¬ 
tinction between workstation and PC 
systems fades, more players are 
taking part in the various pe¬ 
ripheral markets, and the pres¬ 
sure to reduce prices has inten¬ 
sified. 

Another is the onset of bus 
wars, leading to increased connec¬ 
tivity options. Because of the 
wars, peripheral makers hoping to 
keep pace with the growing com¬ 
petition between workstations and 
PCs are having to scramble to 
keep up with the variety of buses 
and ports now in use. 

A third development is the new 
set of approaches being used for 
storage needs, brought on by 
greater use of visualization tech¬ 
niques and the need for more flex¬ 
ibility in handling the many new 
system configurations. And finally, 
new technical capabilities are 
cropping up as technologies in¬ 
vented to solve a specific problem 
wind up meeting a collection of 


SLASHED. Sliding prices are part of 
the turf in high technology, as 
chips continue to become more 
capable at lower cost. There is no 
reason to expect prices in the pe¬ 
ripherals markets to do anything 
but drop as long as workstations 


For instance, CalComp Inc., to make room 
for its Drawingmaster Professional plotters, 
lopp^ as much as US $3000 off the 200-dot- 
per-inch models in its DrawingMaster Plus 
series. Another product, the Amdek AM/817 
17-inch monitor from Wyse Technology Inc., 
lists for 12 percent less than it did last year. 

Western Digital Corp., which markets to 
original-equipment manufacturers (OEMs), 
is charging a single-unit price of only $700 
for its Caviar AC2420, a 420-MB, 2.5-cm- 
high, 3.5-inch hard-disk drive. Meanwhile, 
Iomega Corp. has just knocked 10-20 
percent off what it is asking for its Tape250 
minicartridges, and has trotted out a new 
Tape250 that connects to PCs via the 
parallel port. 

KEEP CONNECTING. Staying current on the 
latest offerings of buses and ports is keeping 
peripheral makers hopping. “The thing to 
watch for in the peripherals market is bus 
standards, how people are going to connect,” 


comments Terry Bennett, director of Tech¬ 
nical Systems Research for Infocorp, a 
Beaverton, Ore., market research firm. 
Noting that Digital Equipment Corp., May¬ 
nard, Mass., abandoned third-party hard¬ 
ware development for its recently developed 
Turbochannel high-performance bus, Ben¬ 
nett suggests it was “an admission ±at the 
world just didn’t need one more standard.” 

Among the most popular buses in the 
workstation world are Sun Microsystems 
Inc.’s Sbus, the VMEbus developed by the 
VMEbus International Trade Association, and 
IBM Corp.’s Micro Channel Architecture 
(MCA) bus, which is also used in its PS/2 
series of PCs. The Sbus is used in Sun’s 
Sparcstations and Sparc clones, which to¬ 
gether are beginning to dominate the work¬ 
station market. The older VMEbus is used in 
earlier Sun workstations and has a large in¬ 
stalled base of devices. In the past few years, 
the VME group has developed Futurebus+ in 
an attempt to establish one 
I standard. 

I Meanwhile, to bridge the grow- 
I ing bus gap between the Sbus and 
* VMEbus, one company that 
markets both peripherals and 
systems, Solflower Computer Inc., 
San Jose, Calif., is offering a series 
of workstations that includes both 
VMEbus and Sbus capability. For 
those who already have Sparcsta¬ 
tions, Solflower offers external 
Sbus-to-VMEbus adapters. 

A company taking sides, 
though, is Concurrent Computer 
Corp., Oceanport, N.J. It is 
snubbing the Sbus in favor of dual 
VMEbus support in the high-end 
Series 7000 workstations. But 
Analyx Systems Inc. is siding with 
Sbus. The company makes the 
ADDA-1418 Sbus data acquisition 
and control board for Sun Sparc¬ 
stations and compatibles. De¬ 
signed for scientific, medical, and 
industrial applications, the 
isolated ADDA-1418 subsystem 
can simultaneously acquire and 
output data without real-time in¬ 
tervention by the central 


Joel Libove, vice president for 
R&D at Analyx Systems, is con- 


continue to become less expen- CrystalEyes VR from StereoGraphics Corp. is a virtual-reality in- fident that reliance on Sbus will 
sive. terface for workstations. Wearing liquid-crystal-shutter eyeglasses, pay big dividends. “Based on de- 

- ———— - a user manipulates stereo objects with a 3-D mouse; a screentop unit velopments I’ve seen in the past 

John King Contributing Eaitor _ senses the viewing angle from the position of the glasses. year,” he claimed, “Sun and its 
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clones are going to take over the work¬ 
station marketplace.” Further, Libove 
foresees a shakeout in the PC industry that 
would leave only platforms based on Intel 
Corp.’s Pentium processor standing and 
make a clash between Pentium and 
Sparcstations inevitable. 

While awaiting that potential Arma¬ 
geddon, the PC industry itself is in the 
throes of a deepening bus war for IBM and 
compatible systems. Two 32-bit-wide buses, 
the Extended Industry Standard Archi¬ 
tecture (EISA) and IBM Corp.’s MCA are up 
against two 16-bit buses, the older Industry 
Standard Architecture (ISA) and the 


emerging 16-bit PCMC1A2. But these 
input/output buses, which run at 8 MHz, 
have not kept pace with the speed of current 
central processing units (CPUs), running at 
33 to 50 MHz. Local buses, which connect 
peripherals directly to the CPU, are now 
challenging them. 

GRAPHICS NEEDS. Fueling the need to make 
full use of today’s faster processors are the 
demands of graphics applications. Propon¬ 
ents of the local bus say the capability it 
brings to PCs allows them to compete with 
graphics workstations. 

Two chief standards are going head to 
head in the local bus department: the 32-bit- 


wide VESA local-bus (VL-bus) from the 
Video Electronics Standards Association 
(VESA) and Intel’s 64-bit Peripheral Com¬ 
ponent Interconnect (PCI) bus for its 486 
and coming Pentium chips. Products based 
on the PCI bus will start coming out in the 
next few months, but it remains to be seen if 
PCI can dislodge the early market lead of 
VL, which already has products (mostly 
graphics adapters) on the market. Right now 
there are about twice as many vendors lined 
up behind VL. 

Currently popular PC ports and standards 
include the old familiar serial and parallel 
slots as well as the small computer systems 
interface (SCSD. 

Peripheral suppliers wishing to cover all 
bets are offering many options, especially for 
input, output, and storage devices. Vendors 
are not only crossing over between work¬ 
stations and PCs, but between system 
brands as well. 

Among the newer products is the 
Tektronix Phaser printer, which offers 
parallel, serial, and Appletalk support along 
with a DECnet interface option. The PS78(X) 
SCSI disk-drive subsystem from Parity 
Systems Inc. is compatible with Sun Micro¬ 
systems, Silicon Graphics, Digital Equip¬ 
ment, IBM RS/60(X), and HP 90(X) systems. 

Macintosh and IBM PC support are of¬ 
fered by the Wyse WY-270 monitor and by 
Pinnacle Micro’s PMO-130 optical drive, 
which also supports Sun and Silicon Graph¬ 
ics workstations. Kurta Corp. offers an XGT 
Serial Graphics Digitizing Tablet that runs 
with Macintosh, PC, and Sun machines. 

For large-scale and multi-user configu¬ 
rations, Falcon Systems Inc. has introduced 
its FalconRAID storage system. (RAID 
stands for redundant array of inexpensive 
disks.) The company claims the new system 
is platform independent because it can be in¬ 
stalled on a Unix workstation or a cen¬ 
tralized, networked file/compute server that 
is connected to SCSI or SCSI-2 peripheral 
devices. 

Major storage player Iomega Corp. offers 
an external subsystem containing two 150- 
MB drives with optional interface kits for 
Sun, DEC, NeXT, HP-Apollo, and Silicon 
Graphics workstations. 

Leading workstation manufacturers are 
doing some gap bridging of their own. Digital 
and Silicon Graphics Inc. recently joined 
Hewlett-Packard Co. in providing EISA buses 
in their workstations, thereby allowing them 
to take in PC peripherals. 

STORAGE METHODS. Workstation users have 
always needed a lot of storage for graphic 
images—a need now reflected in the 
business market, with the growing use of 
multimedia technology. While the vora¬ 
ciousness of visualization techniques for data 
continues to increase storage needs, a range 
of new applications and system configu¬ 
rations are requiring storage devices to have 
greater flexibility. These demands are 
causing a clash of storage technologies in 
(Continued on p. 75) 



The future of Fortran is here today! 


Whether you are actively developing Fortran programs or 
maintaining existing applications in Fortran, the future has 
finally arrived! Meet the world’s Brst Fortran 90 compiler 
available exclusively from NAG. Not a translator or a stretched 
Fortran 77 system, NAG offers a solid multipass compiler 
designed specifically for Fortran 90. 

With development begun in 1987, the NAG Fortran 90 
compiler is the result of careful monitoring of the developing 
Fortran 90 standard plus months of extensive testing and actual 
use. It offers remarkable efficiency and speed, extensive error 
messages, and a high degree of portability to meet the needs of 
today’s heterogenous computing environment. 

Only recently has the ISO approved a standard for Fortran 
90. Now you can take advantage of this new power with the 
new Fortran 90 compiler from NAG. To enjoy the future today, 
call NAG at 708/971-2337. 


The world’s first 
Fortran 90 
Compiler offers: 

I Full ISO standard 
implementation 

I Designed 
specifically for 
Fortran 90 

> Extensive error 
message facilities 
for rapid program 
debugging 


The future is in the present. 
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Add-on boards and peripherals for workstations: a representative sample 


When first 

Company Product available 

Hardware accelerators and coprocessors 

Unit cost, 
US$ 

Key features and comments' 

Alacron Inc, 

FT860/2-V 

4/92 

$9000- 
$13 795 

One or two 50-MHz i860 processors; optional daughter boards include SCSI, DT- 
Connect, Visionbus, memory expansion, HRG (true-color frame buffer), Dl (to camera) 

Avalon Computer 
Systems Inc. 

Vaccelerator 

AP/40 

1/93 

$9990 

100-MIPS, VAX/VMS-compatible coprocessor intended for compute-bound applications 
on V/\X and MicroV/\X systems; recompile-and-run simplicity of use 

Computer System 
Architects 

Super Set Ultra 

10/92 

$29 315 

Multiuser parallel processor provides spatial partitioning of processors and up to 16 si¬ 
multaneous users 

CSP Inc. 

SC-3XIWME 

1/93 

$16 000 
(with 8-MB 
memory) 

Vector processor includes one 50-MHz i860 (200 Mflops); up to 64-MB DRAM and 200- 
MB/s I/O; SuperKit and multiprocessor software 

DayStar Digital Inc. 

33-MHz Turbo 
040 

12/92 

$1599 

68040 accelerator for Macintosh llsi, livi, llvx, llci, II, llx. Ilex, SE/30; Performs 600; com¬ 
patible with System 7 features and Quadra software; turbo expansion slot 

Fusion Data 

Systems 

TokaMac II 

4/92 

$2595 (llfx); 
$1895 (llci) 

33-MHz 68040 accelerator for Macintosh; 128-KB cache; plugs into processor direct 
slot (PDS) with connection to Nubus 

Kingston Technical 
Corp. 

MicroMaster 

486 

5/92 

$915 
(486 SX 
25-MHz); 
$1395 (486 
DX 33-MHz) 

Upgrades 286 and 386 PS/2s to 486; supports up to 16 MB of 32-bit RAM on-board 

Microstar 
Laboratories Inc. 

DAP 3200e 

data-acquisition 

processor 

1/93 

$3495 

On-board i486 processor and real-time multitasking operating system; plugs into 
286/386/486 PC platforms running Windows, DOS, or OS/2 

Opus Systems 

Sparcard 2 

3/92 

$3995 

Adds Sparcstation-2 capability to ISA/EISA PCs; from single PC, user can access both 
DOS and Unix applications 

SKY Computers Inc. 

Skybolt-mp 

Shamrock 

6/92 

$102 700 

Sixteen i860 processors on one 9U VMEbus board deliver 1.28 Gflops; i960 processor on 
motherboard performs system functions, allows i860sto be dedicated to computing 

TransEra Corp. 

Make-it 486 

11/92 

$299 

Upgrades 286-based systems to 486 at double clock speed; 2-4 times increase in appli¬ 
cation speed; runs any 32-bit software; compatible with all motherboards, including 
notebooks and laptops 

Digital signal proces 

sing boards 




Analogic Corp. 

HEXC31 array 
processor 

2/93 

$12 995 

240-Mflops compute power; 16-MB memory 

Ariel Corp. 

V-C40 Hydra 

8/92 

$9995- 
$36 495 

Single-slot 6U VMEbus board with 24-bit parallel expansion bus, 200 Mflops, 1.1 billion 
operations per second; four TMS320C40 DSP processors 

Atlanta Signal 
Processors Inc. 

Banshee II 

10/92 

$3895 

Compatible with Banshee board; uses true dual-port memory for TMS320C30-to-host 
communications 

Datacube Inc. 

Max 860 

3/92 

$15 900 

RISC pipeline image processing to support full-frame and region-of-interest processing 

Data Translation 

Inc. 

DT3809 single¬ 
board test and 
measurement 
system 

8/92 

$7495 

Total test, measure, and processing system; single PC board with embedded TMS320C40 
chip enables mixed-signal synthesis and capture 

Spectral 

Innovations Inc. 

MacDSP MB/A 

6/92 

$3495 

Single-board DSP system complete with AT&T DSP 32C and Motorola 68000 analog I/O 
capabilities 

Spectrum Signal 
Processing Inc. 

TMS320 C40 
dual processor 
600-01515 

9/92 

$7295 

IBM PC/AT-compatible board for parallel processing and parallel DSP; each board 
supports two MDC40S DSP modules based on Texas Instruments’ TIM-40 specification 

Symmetric Research 

DSPMUL 

10/92 

$1400 

Four 50-MHz, 32-bit DSP32Cs; 100 Mflops; includes software 

Valley Technologies 
Inc. 

ULTRADSP 

2/93 

$22 000 

6U VMEbus board performs large FFs 10 to 20 times faster than i860- or C40-based 
DSP boards; lowest latency of any Sharp LH9124-based VME board; compatible digitizer 
and buffer board set 

Storage and backup 

ystems 




1 Memory boards | 

Dataram Corp. 

DR475 memory 
for Sun 
Sparcstation 2 
and IPX 

6/92 

$2400- 

$4800 

Backward-compatible with Sparcstation 2 and Sparcserver 2 models; expands Sparc 2 
and IPX systems to 128 MB 

Helios Systems 

Helios Sparc 10 
16-MBand64- 
MB memory 
upgrade 

11/92 

$595- 

$5100 

Lifetime warranty, 100% Sun-compatible 

Tecmar Inc. 

Microram 386 

2/93 

$490 

32-MB RAM; 32-bit 

Valley Technologies 
Inc. 

Ultrabuffer 

2/93 

$9000 

6U VMEbus memory board for high-speed data acquisition; fully compatible with UL¬ 
TRADSP board; can directly interface with 8 of company’s 40-MHz 10-bit digitizers 
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Add-on boards and peripherals l or workstations: a representative sample (continued) 


Company 

Product 

When first 
available 

Unit cost, 
US$ 

Key features and comments' I 

Storage and backup systems (continued) \ 

Magnetic-disk drives | 

Acropolis Systems 
Inc. 

2.0 GB, 3.5 

SCSI Fast Disk 

Subsystem 

ASI-38-1600 

2/93 

$2595 

10-ms seek time, 5400 rpm; 1.6-GB formatted capacity; compact desktop configuration 

Conner Peripherals 
Inc, 

Aegean and 

Bajan Series 
3.5-inch 

2/93 

$700 

545 MB with 10-ms seek time, 43.1-MB/s data transfer rate; 1.37 GB with 10-ms seek 

time, 45.8-MB/s data transfer rate 

Core International 

Inc. 

LAN Array 

2/93 

$15 495 
(2 GB) 

$19 995 
(4 GB) 

Fault-tolerant disk array; hot pluggable drives; redundant power supply 

Iomega Corp. 

Floptical PC 
Powered 

11/92 

$399 

Second-generation 21-MB, 3.5-inch floptical drive for IBM PCs and compatibles 

Maximum Strategy 
Inc. 

Strategy Gen 4 
Storage 

Solutions 

9/92 

$202 500- 
$475 000 

Programmable RAID-level partitioning including levels 1, 3, and 5; supports 800/s i/Os 

and transfer rates as high as 90 MB/s for high-performance computing 

Maxtor Corp. 

Maxtor MXT- 
540 

10/92 

N.A. 

One-inch-high, 3.5-inch, 540-MB drive; average seek time of 8.5 ms 

Mega Drive 

Systems Inc. 

MR/RAID 

2/93 

$15 000 

Fault-tolerant, high-performance, fully redundant, massively parallel arrays; up to 1 

terabyte 

Mountain Network 
Solutions Inc. 

File Safe Sidecar 
Parallel Port 
tape drive 

1/93 

$695 

Connects to host system via the parallel port; 305 MB of storage per DC2120 cartridge 

Parity Systems Inc. 

PS7800 series 
subsystem 

7/92 

$1975- 

$6553 

Up to 5 GB stored on four 3.5-inch full-height Winchester disk drives; SCSI-2 interface; 
10-ms average access time 

Procom Technology 
Inc. 

MTD 2900 

1/93 

$8495 

SCSI-2 drive with 10-MB/s maximum data transfer rate; 11 -ms seek time, 512-KB cache 

Quantum Corp. 

ProDrive LPS 

525 S/AT 

10/92 

$1169 

525-MB, 3.5-inch hard drive; embedded SCSI-2 or IDE-AT interface; 10-ms seek time; 

512-KB cache buffer 

Syquest Technology 

Syquest SQ 

3105 removable 
cartridge disk 
drive 

12/92 

N.A. 

IDE compatible; uses 105-MB cartridge; 14.5-ms average seek time; 100 000-hour MTBF 

Western Digital 

Corp. 

Caviar 

WDAC2420 

2/93 

$700 

Two platter, 420-MB hard drive; under 12-ms access time 

1 CD ROMs 1 

Laser Magnetic 
Storage 

International Co. 

CM 206 double¬ 
speed CD-ROM 
drive 

3/93 

$499 

Drive spins disk at twice normal speed; transfers data over 16-bit AT bus; photo CD 

compatible; motorized tray 

NEC Technologies 

Inc. 

MultiSpin 74 
(External)/84 
(Internal) 

2/93 

$615 (74); 
$550(84) 

300-KB/s data transfer rate; Kodak photo CD multisession compatible 

Sony Computer 
Peripheral Products 
Co. 

Sony double¬ 
speed CD-ROM 
drive/CDU-561 

6/93 

N.A. 

300-KB/s sustained transfer rate; photo CD multisession compatible 

1 Optical drives | 

Cygnet Systems 

Inc. 

Series 1800 
Expandable 
Jukebox family 

3/93 

$45 000- 
$85 000 

Compatible with 12-inch optical-disc drives; certified reliability of 425 000 media ex¬ 
changes 

Fujitsu Computer 
Products of 

America 

Fujitsu M2511A 
magneto-optical 

10/92' 

$1700 

One-inch-high; 3600 rpm; fixed optics; embedded SCSI controller 

Laser Magnetic 
Storage 

International Co. 

LF4502 Rapid 
Changer 

3/92 

$68 000 

56-GB total user capacity; 11.2-GB on-line capacity 

Literal Corp. 

525GB+ 

1/92 

$3999 

5.25-inch WORM with 640-MB capacity per side 

Pinnacle Micro Inc. 

PMO-130 

1/93 

$1695- 

$1995 

Uses 3.5-inch rewritable disk; 128 MB of storage; 19-ms effective access time; available 
for PC, Mac, and Sun 

Plasmon Data 
Systems Inc. 

RF-7010 multi¬ 
function optical- 
disk drive 

4/92 

$3995 

Accepts both write-once and erasable optical-disc media; utilizes next-generation phase- 
change erasable technology 
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Company 

Product 

When first 
available 

Unit cost, 
US$ 

Key features and comments' 

Sony Computer 
Peripheral Products 
Co. 

Sony WDD-931 

6/92 

$30 000 

Stores up to 6.55 GB on each 12-inch write-once optical disc; 900-KB/s data transfer rate 

Magnetic-tape systems 

Falcon Systems Inc. 

Falcon RAID 

2/93 

$29 000 and 
up 

Independent platform (no new hardware/software needed to connect to Unix work¬ 
station); 3.5- or 5.25-inch drives swappable without powering down 

GigaTrend Inc. 

MasterDat Lite 

10/92 

$3350 

Workstation-based backup; 5.0 GB of unattended backup storage 

Sony Corp. of 
America 

SDT-4000 

7/92 

N.A. 

4mm digital data storage (DDS) tape drive can store 8.0 GB of compressed data; sus¬ 
tained data transfer rate of up to 732 KB /s 

Spectra Logic 

STL-8000 au¬ 
tomated library 

5/92 

$27 680 

Capacity for forty 8mm tapes stores up to 200 GB; menu-driven LCD front control panel 

Tallgrass 

Technologies Corp. 

FS10G 

12/92 

$8995 (in¬ 
ternal); 

$9495 

(exti.) 

Hardware data compression from tape drive in a 5.25-inch half-height form factor with 
60-MB/minute data transfer and 10-GB capacity 

Tecmarinc. 

Data Vault 4x4 

2/93 

$8995 

16-GB storage, 22-MB minimum backup/restore speed 

Wangtek Inc. 

Netware Ready 
QIC-525 MB 
and QIC-1.0 GB 

2/93 

$1995 and 
$2195 

Complete server-based backup with N LM Software for Netware 

Input devices 





Digitizer tablets | 

GTCO Corp. 

Ultima 1212 

1/93 

$399 

Standard 16-button cursor; clear sensor on cursor eliminates coil to provide unob¬ 
structed view 

Hitachi America Ltd. 

HDG-1212E 

1/92 

$449 

Real- and protected-mode ADI drivers; mouse emulation 

Kurta Corp. 

XGT Serial 

10/92 

$600 

Runs on Mac, IBM PC and compatibles, and Sun; screen and tablet scaling; 256 pressure 
levels; pens sold as options 

Kye International 
Corp. 

Genius Hisketch 
1212 

1/93 

$429 

Slim-line design, software. Autosketch and Microsoft Windows pen extensions, four- 
button cursor, two-key ballpoint stylus 

Numonics Corp. 

GraphicMaster 

7/92 

$595 

User-configurable softkeys allow one-touch tablet configuration changes; audible 
feedback for softkey activation, and setup menu selection 

Science Accessories 
Corp. 

GP-10 Sonic 

6/92 

$1775 

Totally programmable output formats emulate any digitizer; 6-by-25-inch footprint; digi¬ 
tizing area 30 by 36 inches; RS-232 output 

Wacom Technology 
Corp. 

SD-510CPro 

Set 

7/93 

$795 (sug¬ 
gested retail 
price) 

6-by-9-inch (active area) Wacom tablet with SP-310 soft-type, pressure-sensitive, 
cordless, batteryless stylus and SC-510 cordless, batteryless 4-button cursor 

1 Light pens | 

FG Data Systems 

Pen direct for 
Mac, Model F- 
1272 

1/93 

$498 

Offers direct, onscreen input for Mac II, LC, and Quadra computers; compatible with 
Systems 6.5 and 7.x 

1 Track balls | 

Logitech Inc. 

Trackman II 

4/92 

$139 

Three-button ergonomic design; programmable 

Micro Speed Inc. 

Win Trac PD 

930 

3/93 

$149 

Trackwheel for third analog input; automatic personality change between applications 

Stereo Graphics 

Corp. 

CrystalEyes VR 

12/92 

$3995 

Combines Logitech’s 3D Mouse and HeadTracker with Stereographies’ Crystal Eyes; for 
Sun Sparcstation 2GT 

Output and display 

1 Graphics adapters | 

ATI Technologies 

Inc. 

Graphic Ultra 

Pro 

6/92 

$599 (1 MB 
VRAM); 

$799 (2 MB 
VRAM); 

$899 

(EISA/ISA, 2 
MB) 

1280 X 1024 X 256 color noninterlaced resolution; full acceleration at 1024 x 768 x 
65 000 colors; multimedia video ready 

Edge Technology 

Inc. 

VL24 Bitblaster 

2/93 

$199 

GUI accelerator supports VESA local-bus specification (VL-bus); 2-MB RAM; 24-bit true 
color (16.8 million colors) 

Evans & Sutherland 
Computer Corp. 

Freedom Series 
1000 and 3000 

10/92 

$25 500+ 

Standard antialiased lines; hardware-supported texture mapping 
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Add-on boards and peripherals for workstations: a representative sample (continued) 


Company 

Product 

When first 
available 

Unit cost, 
US$ 

Key features and comments' I 

Output and display (continued) 

RGB Spectrum 

Watchdog 150 

1/93 

$5995- 

$9995 

Up to 15 video windows on a computer display 

Univision 

Technologies 

Piranha Series/ 
UDC7000-TI 

4/92 

$2495 

Resolutions from 1024 x 1024 to 1600 x 1200; 8,12, 24, and 32 bits per pixel 

High-resolution monitors 

Amdek 

Amdek AM/817 

1/92 

$1139 

17-inch color display with a 0.26-mm dot pitch; resolutions up to 1280 x 1024 at 72 Hz 

Sony Peripheral 
Products Co. 

Sony GDM- 
2038 Trinitron 
Multiscan 

2/93 

$3795.95 

Refresh rate: 80 Hz at 1280 x 1024 noninterlaced resolution; full digital control of 
settings, including color temperature 

Wyse Technology 

Inc. 

Wyse WY-870 

2/93 

$1149 

1280 X1024 noninterlaced resolution; microprocessor-based digital controls 

Other displays | 

RGB Spectrum 

RGB/Videolink 

1500A 

2/93 

1 $11 995 

I Full-screen conversion to video; auto-sync for all workstations, PCs, and Mac lls j 

Graphics printers and pen plotters | 

CalComp Inc. 

CalComp 

Classic 

12/92 

$6995 

E-sIze pen plotter; multicolor; eight pens; cut-sheet or roll feed; 1-MB buffer; serial and 
parallel interfaces; LAN interface option 

Fujitsu Computer 
Products of 

America 

DL5800 dot¬ 
matrix printer 

1/92 

$1995 

630-character/s draft speed; 48-character LCD 

QMS Inc. 

QMS 860 print 
system 

9/92 

$4595 

8tandard connections to parallel, serial, local talk; optional Ethernet (Ether Talk, Netware, 
TCP/IP and DECnet) or Token-Ring (Netware) connection; 600 x 800 dots per inch 

Tektronix Inc. 

Phaser 200i/e 
PostScript Level 

2 thermal wax 
color printer 

1/93 

$5995 

(200i); 

$3695 

(200e) 

Plain paper; two pages per minute, 300 dots per inch 

Communication and 

controls 




1 I/O boards { 

Analyx Systems Inc. 

ADDA-1418 

3/92 

$1995- 

$2495 

Data acquisition and control board fully contained in workstation; automatic sampling and 
outputing 

lOtech Inc. 

DaqBook/100 

2/93 

$1295 

Attaches to notebook or PC parallel port; 8 differential or 16 single-ended analog Inputs, 
expandable to 256; two 12-bit DA converters 

Loughborough 

Sound Images Ltd. 

DPC/C40B 

8/92 

$4445 

Modular parallel signal-processing capability; flexible, modular, real-time I/O capability 

National 

Instruments Corp. 

AT-MI0-16X 

9/92 

$1995 

16-bit sampling AD converter with 16 analog inputs; two 12-bit DA converters with 
voltage outputs 

1 Interface boards | 

Barr Systems Inc. 

T1-SYNC 

2/93 

$700 

Synchronous adapter up to 2.0 MB/s; includes RS-232, V.24, V.35, X.21, and RS-530 in¬ 
terfaces 

Helios Systems 

Helios Com-p 

2/92 

$995 

V.32Bis (14 440 b/s); 8 bus internal 

lOtech 

SCSI 488/H 

8/92 

$1495 

SCSI-to-IEEE 488 conversion for control of up to 14 IEEE 488 devices; 1-MB/s data 
transfer 

Infinicon 

Infinistor 

1/93 

$199-$299 

Gives controlling PC direct access to storage devices of a dedicated PC; transparent 
once PCs are booted up 

Keithley Data 
Acquisition 

KPC 488.2TM 

2/93 

$750 

IEEE-488 interface with trigger master; increases test throughput up to 8 times while 
preserving full programmable control 

Loughborough 

Sound Images Ltd. 

PC/DMCB 

11/92 

$895+ 

Carrier board forming part of company’s flexible, modular I/O range for its LSI DSP 
boards on the PC AT 

National 

Instruments Corp. 

GPIB-ENET/Sun 

5/92 

$1595- 

$2695 

Removes distance limitation set by IEEE 488.1 standard; shares GPIB peripherals among 
many networked users 

1 Local-area network (LAN) boards | 

Ansel 

Communications 

All-in-one 

Ethernet Model 
3200 

8/92 

$399 

32-bit EISA Ethernet combination adapter for high-speed graphic workstations; up to 
400 percent higher performance with Unix 

Interphase Corp. 

S/EDDI4611 

SunBIrd 

3/92 

$1795- 

$1295 

Single attachment; Sun Q/S driver with integrated SMT; installation guides; media at¬ 
tachment available for fiber, STP, or UTP 

Milan Technology 
Corp. 

Fast Port 

3/92 

$699 

Network print server; Novell and Unix 

1 DSP = digital signal processing; (E)ISA - (extended) industry standard architecture; Mflops = 

million fioatlng-point operations per second; MIPS = million instructions per second; MTBF = mean time between faliures; 


RISC = reduced-instruction-set computer; SCSI = small computer system interface; TCP/IP = Transmission Control Protocol/Internet Protocol; WORM = write once, read mainly. 
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two arenas: networks with file servers, and 
single-user configurations. 

Traditionally, tape and cartridge storage 
systems have provided most backup needs, 
including those of networks. However, 
desire for greater backup capacity is evi¬ 
denced by the entry of RAID technology, 
once reserved for supercomputers and 
mainframes, into the PC and workstation 
market. Maximum Strategy Inc., which 
markets primarily to IBM Corp., Cray 
Research Inc., and other OEMs, as well as to 
the highest-end end-users, reports that 
RAID technology, now in its fourth gen¬ 
eration, is also invading Unix-based work¬ 
station and PC networks. 

Billed as the world’s fastest form of 
storage, the Gen 4 RAID technology, using 
Maximum Strategy’s High-Performance 
Parallel Interface (HippO card, can transfer 
data at 100 megabytes per second. Mean¬ 
while, the FalconRAID system for work¬ 
stations offers capacities as high as one 
terabyte. 

Contending with RAID are CD ROM 
(which also has a place in single-user 
systems), optical “jukebox” storage, and 
high-end magnetic tape or disk. 

At last year’s PC Expo, Sony Corp.’s 
Computer Peripherals Products Co., Park 
Ridge, N.J., showed off its CDU-561 CD- 
ROM drive, which doubled the data transfer 
rate of previous Sony drives to 300 kilobytes 
per second while boasting an access time of 
300 milliseconds. 

In the emerging market for recordable 
CD ROM (so called despite the inherent 
contradiction between “recordable” and 
“read-only” memory). Pinnacle Micro offers 
5.25-inch drives for DOS and Mac systems. 
Each of the disks can hold 580 MB, which 
makes them good candidates for backup 
storage. 

Price is an important factor in these of¬ 
ferings. The RCI>-202 for the Mac retails for 
$3995; the PC version is $4195. Average 
random seek time is 300 ms; write time is 
600 ms. Tape drives cannot compete with 
those numbers, but the jury is still out as to 
whether the recordable CD ROMs can 
launch a serious challenge to the dominant 
tape backup technology. 

The “jukebox” optical storage concept, in 
which optical platters are contained in a box 
much like records in a jukebox, is not new, 
but Pinnacle Micro is making the technology 
more “manageable” by offering file man¬ 
agement software with its systems. They 
support all current Sun architectures, in¬ 
cluding Sun-4, Sparcstations, Sparcservers, 
and the Sparc 600MP. Software is also 
available for Mac environments. 

Though it is delving into some new tech¬ 
nologies, Iomega is far from abandoning the 
traditional magnetic field. Since late last 
year the company has been introducing 
models in its Bernoulli MultiDisk family of 
150-MB drives for DOS machines, and for 
Apple’s Quadra, Centris 650, Performa 600, 


and Macintosh IIvx. 

One of the newest technologies being 
employed by Iomega is floptical storage—a 
hybrid of magnetic and optical storage. This 
could confound the potential showdown 
between those two technologies in the 
single-user market. 

But displacing advanced magnetic storage 
products will be hard. Consider Maxtor 
Corp.’s MXT-540, 2.5-cm-high, 3.5-inch 
drive, whose average seek time of 8.5 ms is 
attractive to high-end PCs and low-end 
workstations. By way of comparison, a 3.5- 
inch optical drive designed for a lower-end 
market has an access time of 19 ms while a 


floptical drive has one of 65 ms. Compared 
with traditional magnetic floppy-disk 
storage, however, floptical and optical drives 
are much faster. 

By entering the same performance 
ballpark as the magnetic hard drives they 
compete against, optical drives could make 
significant inroads into market share. Using 
removable media, the optical drives require 
a higher initial investment but offer two key 
advantages when compared to magnetic 
ones: a lower cost per megabyte and a 
storage capacity limited only by the number 
of disks used. 


Iomega, which can afford to take some 
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risks, now offers second-generation floptical 
drives, which provide an alternative to, and 
mix of, both the magnetic and optical worlds. 
Floptical technology combines magnetic 
recording on flexible magnetic media with 
optical tracking. Magnetic recording 
ensures downward compatibility with ex¬ 
isting magnetic floppy disks, while optical 
tracking enables greater speed and more 
storage. Meant for the general PC market, 
Iomega’s floptical drive can connect to ISA, 
EISA, and MCA buses as well as to 
Macintosh Quadra systems. It has a storage 
capacity of 21 MB, making it a good choice 
for backing up hard drives. 

Thanks to its optical tracking servo, 
floptical technology can achieve a track 
density of 1245 tracks per inch, compared 
with 135 tpi for magnetic floppies. It may do 
even better when Iomega’s patented holo¬ 
graphic technique proves out. That 
technique calls for projection of a grating 
pattern on the disk rather than the single 
track of the current process. By providing 
reflection over an area several tracks wide, 
Iomega says ±e holographic approach im¬ 
proves the signal-to-noise ratio, which may 
lead to even tighter control and, hence, a 
higher track density. 

NEW CAPABILITIES. The interweaving of 
needs and technologies between various 
user worlds, encouraged in part by the 
recent multimedia push, continues to usher 
in new capabilities for both engineering and 
business users. Often, a technology aimed at 
one application may ultimately serve a col¬ 
lection of varied needs. 

For example, video cards, primarily tar¬ 
geted at multimedia and desktop publishing 
applications, are now focusing on science 
and engineering uses. RGB Spectrum 
suggests that its Watchdog 150/250 could be 
used for robotics and process control. The 
Watchdog accepts 15 video inputs of just 
about any standard type, and can optionally 
handle such nonstantod signals as radar, in¬ 
frared, and medical images. 

At Univision Technologies Inc., Burling¬ 
ton, Mass., the Piranha includes among its 
uses command control, medical imaging, 
image analysis, and CAD/CAE/CAM 
(computer-aided design, engineering, and 
manufacturing). 

Another potentially large development is 
the “reality” of virtual reality for Sun 2GT 
Sparcstations. Input device manufacturer 
Logitech Inc. recently joined up with 
StereoGraphics Inc., a maker of stereo 
viewing sj^tems, on a virtual reality product 
combination called CrystalEyes VR. Logi¬ 
tech’s part of the package is a three-dimen¬ 
sional Mouse and Head Tracker that lets 
users work in a spatial “virtual environment” 
to input data into a PC or workstation. 

Another technology that has received a 
lot of attention in larger systems is parallel 
processing. It comes to PCs and work¬ 
stations through products that are based on 
the power-packed Texas Instruments 
TMS320C40 chip. 


Using one or (optionally) two of these 
chips is Loughborough Sound Images Ltd. in 
its DPC/C40 AT-compatible plug-in board. 
Ariel Corp. puts a TMS320C40 on its 
Cyclops DSP card for 286- through 486- 
based AT systems. Ariel’s Hydra card uses 
four of the chips, which gives it a capacity of 
up to 200 Mflops. Hydra plugs into a VME 
slot and includes a device driver for Sun-3 
and Sun-4 workstations. 

Elsewhere, 200 Mflops is also the magic 
number for Alacron Inc.’s FT200 series of 
multiprocessors, which are based on a 
choice of one or two Intel i860XP proces¬ 
sors. In January, Alacron announced a ver¬ 
sion that fits into a single 6U VME slot. 
Possible applications include image pro¬ 
cessing, 3-1) graphics, and neural networks. 
WHAT’S IN A NAME? New technologies are 
popping up so fast in the peripheral industry 
that some products defy description. For 
example, what should a card and cable 
device be called that lets a secondary PC 
serve as a storage device for a primary PC? 
Infinicon calls it InfiniStor, identifying it as a 
personal PC storage expansion system. 
Reflecting the efficient, resourceful pioneer 
spirit, InfiniStor aims at turning unused or 
obsolete PCs into productive devices. 

Other developments to watch for are 
portables used for workstation functions 
along with docking technology and PC cards. 
Two products that address the needs of 
powerful portables are the FileSafe Sidecar 
305-MB tape backup subsystem from 
Mountain Network Solutions Inc., and 
lOtech Inc.’s DaqBook/100, a data-acqui- 
sition add-on that allows notebook com¬ 
puters to perform portable test applications. 

PC card readers are another new pe¬ 
ripherals area. The Databook PC card 
reader/writer from Databook Inc., Ithaca, 
N.Y., plugs into a PC’s printer port, enabling 
users to transfer data between palmtop and 
desktop PCs through memory cards. The 
products are making quite an impact as data 
acquisition and storage devices UEEE 
Spectmm, June 1992, pp. 46-50]. 

VICTIMS OF SUCCESS? System makers are in¬ 
cluding more peripheral-type functions on 
motherboards, according to market re¬ 
searcher Bennett. This development may 
cast some peripheral makers in the role of 
victims of their own success. “Peripheral 
suppliers are in a very risky and exposed 
business,” Bennett said. “If a function is too 
successful, the workstation maker will put it 
on the motherboard, eliminating the third- 
party peripheral maker.” Bennett en¬ 
courages peripheral makers to enter third- 
party agreements with system makers to 
avoid being left out in the cold. 

Combine this factor with all the crossover 
of target markets and new technologies, and 
life is anything but simple in the peripherals 
industry. Indeed, as market researcher 
Bennett commented: “These are interesting 
times for peripheral vendors.” For pe¬ 
ripheral shoppers, the times are perhaps 
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To probe further 

For a complimentary copy of the Executive 
Summary and Report on Spectrum’s 1993 
Personal Computer Usage and Purchase 
Survey, contact Arthur C. Nigro, Marketing 
Director, IEEE Spectrum, 345 E 47th St, 
New York, NY., 10017; 212-705-7298; fax, 212- 
705-7453. 

CONFERENCES. The International Solid-State 
Circuits Conference (ISSCC), which is held 
in late winter/early spring each year, is the 
showcase for the latest workstation chips 
and the technologies behind them. The pro¬ 
ceedings of the 40th ISSCC, held in Febru¬ 
ary at the San Francisco Hilton Hotel (IEEE 
Cat. No. 93CH3272-2), are available from 
the IEEE Service Center, 445 Hoes Lane, 
Box 1331, Piscataway, N.J. 08855-1331; 908- 
981-0060. 

During June 14-18 in Dallas, Texas, the 
30th Association for Computing Machinery 
and IEEE Design Automation Conference 
will feature important electronic design 
tools for workstations and peripherals. Con¬ 
tact: the Association for Computing Machin¬ 
ery, Order Department, Box 64145, Balti¬ 
more, Md. 21264,800-342-6626. 

PUBLISHED WORKS. Computation Structures 
by Stephen A. Ward and Robert H. Halstead 
Jr. (MIT Press, Cambridge, Mass., and 
McGraw-Hill Book Co., New York, 1990) 
deals globally with all the major forms of 
computer architectures, including reduced- 
instruction-set computer (RISC) and paral¬ 
lel processing designs. Particular attention 
is given to logic elements, processors, com¬ 
pilers, operating systems, and, most impor¬ 
tant, the complex interactions among them. 

Various bwks provide more details on 
particular processor architectures. The 
Alpha Architecture Reference Manual, edit¬ 
ed by Alpha co-architect Richard L. Sites 
(Digital Press, Burlington, Mass., 1992), 
explains the technical details of Digital 
Equipment Corp.’s approach to RISC. On 
the other hand, MIPS RISC Architecture, by 
(Jerry Kane and Joe Heinrich (Prentice Hall, 
Englewood Cliffs, N.J., 1992), gives a detailed 
description of the RISC architecture used by 
Silicon Graphics Inc. in its workstations. 
Prentice H^ also publishes a Sparc guide 
and other processor-specific books. 

The National Computer Graphics Asso¬ 
ciation (NCGA) publishes information on per¬ 
formance benchmarks in its SPEC News¬ 
letter, available at a yearly subscription rate of 
US ^50. It also publishes the GPC Quar¬ 
terly Report, which presents the Graphics 
Performance Characterization (GPC) com¬ 
mittee’s benchmarkings of the latest work¬ 
stations. The report costs $195 annually, 
$225 outside the United States. Contact: 
Dianne Dean, the National Computer 


Graphics Association, 2722 Merrilee Dr., 
Suite 200, Fairfax, Va. 22031; 703-698-9600; 
fax, 703-560-2752. 

Reliability data (mean time between fail¬ 
ures, and more) on leading workstation and 
peripheral brands are available from Reliabil¬ 
ity Ratings Inc., Needham, Mass., at an annual 
subscription rate of US $405. Contact: Relia¬ 
bility Stings, 175 Highland Ave., Needham, 
Mass. 02194; 80(>477-RELY (United States 
only) or 617-444-5755; fax, 617-444-8958. 

Outside the X Consortium itself, O’Reilly 
& Associates Inc. is the best source of 
detailed information on the X Window Sys¬ 
tem. Each quarter, it publishes The X Re¬ 
source, which discusses recent and upcom¬ 
ing additions to the XU standard, as well as 
its practical applications. For subscription 
information, contact: the X Resource, 
O’Reilly & Associates Inc., 103 Morris St, 
Sebastopol, Calif. 95472; 800-998-9938 
(United States and Canada), 707-829-0515 
(overseas or local); f^ 707-829-0104. 

Those Interested in 3-D graphics and X 
terminals should look into the PHIGS Pro¬ 
gramming Manual by Tom Gaskins and the 
PHIGS Reference Manual edited by Linda 
Kosko (both published by O’Reilly & Associ¬ 
ates Inc. in 1992). 

New developments in graphic technology 
are reported bimonthly in IEEE Computer 
Graphics and Applications. Contact Nancy 
Hays, IEEE Computer Society, 10662 Los 
Vaqueros Circle, Box 3014, Los Alamitos 
Calif. 90720-1264; 714-821-8380. 

In “Revolution or evolution?” UEEE Spec¬ 
trum, September 1992, pp. 39-41], George 
Cybenko and David J. Kuck provide an 
insightful perspective on the future role of 
supercomputers as shared resources. 
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481-3700 circle no. 281 

Spectral Innovations Inc., 1885 LundyAve.,#208, San Jose, CA 

95121,408-955-0366 circle no. 282 

Spectrum Signal Processing Inc., 100 Production CL. 8525 

Baxter PL, Burnaby, B.C., Canada V5A4V7,800-663-8986 

circle no. 283 

Symmetric Research, 15 Central Way, # 9, Kirkland, WA 98033, 
206-828-6560 circle no. 284 

Valley Technologies Inc., RD4. Rte. 309, Tamaqua, PA 18252, 

717-668-3737 circle no, 285 

STORAGE AND BACKUP SYSTEMS 


MEMORY BOARDS 

Dataram Corp. , Box 7528, Princeton, NJ 08543-7528,80 
DATARAM circle 

Helios Systems, 1996 Lundy Ave,, San Jose, CA 95131,408-432- 
0292 circle no. 287 

Tecmar Inc., 6225 Cochran Rd., Solon, OH 44139-3377,800-624- 
8560 circle no. 288 

Valley Technologies Inc., RD4, Rte. 309, Tamaqua, PA 18252, 


38-3737 


10. 289 


MAGNETIC-DISKDRIVES 

Acropolis Systems Inc., 1575 McCandless Dr., Milpitas, CA 

95035.408- 946-6947 circle no. 290 
Conner Peripherals Inc., 3081 Zanker Rd., San Jose, CA 95134- 

2128.408- 456-3265 circle no.291 

Core International Inc., 7171 N. Federal Hwy„ Boca Raton, FL 
33487,407-997-6055 circle no. 292 

Iomega Corp., 1821 W, 4000 South, Roy, UT 84067,800-777-6179 

circle no. 293 

Maximum Strategy Inc., 2185 Old Oakland Rd., San Jose, CA 
95131-1593,408-456-8880 circle no. 294 

Maxtor Corp., 211 River Oaks Pkwy., San Jose, CA 95134,800- 
4MAXT0R circle no. 295 

Mega Drive Systems Inc., 489S, Robertson Blvd., Beverly Hills, 
CA 90211,310-247-0006 circle no. 296 

Mountain Network Solutions Inc., 240 E. Hacienda Ave., Camp¬ 
bell, CA 95008-6623,408-379-4300 circle no. 297 

Parity Systems Inc., 110 Knowles Or., Los Gatos, CA 95030,408- 
378-1000 circle no. 298 

Procom Technology Inc., 2181 Dupont Dr, Irvine, CA 92715,714- 
852-1000 circle no. 299 

Quantum Corp., 500 McCarthy Blvd., Milpitas, CA 95035,800-624- 
5545 circle no. 300 

Syquest Technology, 47071 Bayside Pkwy., Fremont, CA 94538, 
510-226-4124 circle no. 301 

Western Digital Corp., 8105 Irvine Center Dr„ Irvine, CA 92718, 
714-932-4900 circle no. 302 


CD ROMS 

Laser Magnetic Storage International Co., 4425 ArrowsWest 
Dr.,Colorado Springs, CO 80907,800-777-LMSI circle no. 303 
NEC Technologies Inc., 1255 Michael Dr., Wood Dale, IL 60191, 
800-388-8888 circle no. 304 

Sony Computer Peripheral Products Co., Sony Corp. of Amer¬ 
ica, 655 River Oaks Pkwy., San Jose, CA 95134-1997,800-352-7669 
circle no. 305 


78 




















OPTICAL DRIVES 

Cygnet Systems Inc., 2560 Junction Ave., San Jose, CA 95134- 

1902.408- 954-1800 circle no. 306 

Fujitsu Computer Products of America, 2904 Orchard Park Way, 
San Jose, CA 95134,800-626-4686 circle no. 307 

Laser Magnetic Storage International Co., 4425 Arrows West 
Dr., Colorado Springs, CO 80907,800-777-LMSI 

circle no. 300 

Literal Corp., 2180 Executive Circle, Colorado Springs, CO 80919, 
719-579-0460 circle no. 309 

Pinnacle Micro Inc., 19 Technology, Irvine, CA 92718,800-553- 
7070 circle no. 310 

Plasmon Data Systems lnc.,1654 Centre Pointe Dr., Milpitas, CA 

95035.408- 956-9400 circle no. 311 

Sony Computer Peripheral Products Co., Write Once Optical 
Products Div., One Sony Dr., Park Ridge, NJ 07656,201-930-6025 

circle no. 312 

MAGNETIC-TAPE SYSTEMS 
Falcon Systems Inc., 1417W. North Market Blvd., Sacramento, 
CA 95834,800-326-1002 circle no. 313 

GigaTrend Inc., 2234 Rutherford Rd., Carlsbad, CA 92008,800- 
743-4442 circle no. 314 

Sony Corp. ot America, 655 River Oaks Pkwy„ San Jose, CA 
95134-1997,800-352-7669 circle no. 315 

Spectra Logic,1700 N. 55th St, Boulder, CO 80301,800-833-1132 
circle no. 316 

Tallgrass Technologies Corp., 11100W. 82nd St, tenexa, KS 
66214,800-TAL-GRAS circle no. 317 

Tecmar Inc., 6225 Cochran Rd., Solon, OH 44139-3377,800-624- 
8560 circle no. 318 

Wangtek Inc., 41 Moreland Rd., Simi Valley, CA93065,800-882- 
9916 circle no. 319 

INPUT DEVICES 
DIGITIZER TABLETS 

GTCO Corp., 7125 Riverwood Dt, Columbia, MD 21046,410-381- 
6688 circle no. 320 

Hitachi America Ltd., 250 E, Caribbean Dr., Sunnyvale, CA 

94089.408- 747-0777 circle no. 321 

Kurta Corp., 3007 E. Chambers St., Phoenix, AZ 85040,602-276- 
5533 circle no. 322 

Kye International Corp., 2605 E. Cedar St, Ontario, CA 91761- 
8511,909-923-3510 circle no. 323 

Numonics Corp., 101 Commerce Dr., Box 1005, Montgomeryville, 
PA 18936,215-362-2766 circle no. 324 

Science Accessories Corp., 200 Watson Blvd., Box 587, 

Stratford, CT 06497,203-386-9978 circle no. 325 

Wacom Technology Corp. , 501 SE Columbia Shores Blvd., #300, 
Vancouver, WA 98661,800-922-6613 circle no. 326 

LIGHT PENS 


TRACKBALLS 

Logitech Inc., 6505 Kaiser Dr., Fremont, CA 94555,800-231-7717 

circle no. 328 

Micro Speed Inc., 5005 Brandin Court, Fremont, CA 94538,800- 

Stereo Graphics Corp., 2171 E. Francisco Blvd., San Rafael, CA 

94901,415-459-4500 circle no. 330 

OUTPUT AND DISPLAY 
GRAPHICS ADAPTERS 

ATI Technologies Inc., 3761 Victoria Park Ave., Scarborough, 
Ont, Canada MIW 352,416-756-0711 circle no. 331 

Edge Technology Inc., 915 E. Karcher Rd., Nampa, ID 83687, 
208-465-3434 circle no. 332 

Evans & Sutherland Computer Corp., Design Systems Div., 580 
Arapeen Dr., Salt Lake City, UT84158,800-367-7460 

circle no. 333 

RGB Spectrum, 950 Marina Village Pkwy., Alameda, CA 94501, 
510-848-0180 circle no. 334 

Univislon Technologies, 3 Burlington Woods, Burlington, MA 
01803,617-221-6700 circle no. 335 

HIGH-RESOLUTION MONITORS 
Amdek, 3471 N. First St, San Jose, CA 95134-1803,800-72- 
AMDEK circle no. 336 

Sony Peripheral Products Co., Sony Corp. of America, 655 River 

Oaks Parkway, San Jose. CA 95134-1997,800-352-7669 

circle no. 337 

Wyse Technology Inc, 3471 N, First St, San Jose, CA 95134-1803, 
800-GET-WYSE circle no. 338 

OTHER DISPLAYS 

RGB Spectrum, 950 Marina Village Pkwy., Alameda, CA 94501 

circle no. 339 


821-2000 circle no. 340 

Fujitsu Computer Products of America, 2904 Orchard Park 
Way, San Jose, CA 95134,800-626-4686 circle no. 341 

QMS Inc., One Magnum Pass, Mobile, At 36618,800-631-2692 

circle no. 342 

Tektronix Inc., 26600 SW Pkwy., Wilsonville, OR 97070-1000, 
800-835-6100 circle no. 343 

COMMUNICATION AND CONTROLS 
I/O BOARDS 

Analyx Systems Inc., 475 YampaWay, Fremont, CA 94539,510- 
656-8017 circle no. 344 

lOtech Inc., 25971 Cannon Rd, Cleveland, OH 44141,216-439-4091 

circle no. 345 

Loughborough Sound Images Ltd. ,The Technology Centre, 
Epinal Way, Loughborough, Leicestershire, LE11 OQE England, Oil 
44509231 843 circle no. 346 

National Instruments Corp., 5404 Bridge Point Pkwy., Austin, TX 
78730-5039,512-794-0100 circle no. 347 

INTERFACE BOARDS 

Barr Systems Inc., 4131 NW 28 Lane, Gainesville, Ft 32606,800- 
227-7797 circle no. 348 

Helios Systems, 1996 Lundy Ave, San Jose, CA 95131,408-432- 
0292 circle no. 349 

lOtech, 25971 Cannon Rd., Cleveland, OH 44141,216-439-4091 
circle no. 350 

Infinicon, 106 Library PI, 15 N. 100 East, Provo, UT 84606,800- 
374-3880 circle no. 351 

Kelthley Data Acquisition, 440 Myles Standish Blvd., Taunton, 
MA 02780,800-348-0033 circle no. 352 

Loughborough Sound Images Ltd., The Technology Centre, 
Epinal Way, Loughborough, Leicestershire, LE11 OQE England, Oil 
44509 231 843 circle no. 353 

National Instruments Corp., 6504 Bridge Point Pkwy, Austin, TX 
78730-5039,512-794-0100 circle no. 354 

LOCAL-AREA NETWORK (LAN) BOARDS 
Ansel Communications, 1701 Junction Ct., San Jose, CA 95112, 
408-452-5041 circle no. 355 

Interphase Corp., 13800Senlac, Dallas, TX75234,214-919-9000 
circle no. 356 

Milan Technology Corp., 894 Ross Dr., #105, Sunnyvale, CA 
94089,408-752-2770 circle no. 357 

MISCELLANEDUS 

ATI Technologies Inc., 3761 Victoria Park Ave, Scarborough, Ont., 
Canada MIW 352,416-756-0711 circle no. 358 

Datacube Inc., 300 Rosewood Dr., Danvers, MA 01923,508-777- 
4200 circle no. 359 

Falcon Systems lnc.,1417 W. North Market Blvd., Sacramento, CA 
95834,800-326-1002 circle no. 360 

Pinnacle Micro Inc., 19 Technology, Irvine, CA 92718,800-553- 
7070 circle no. 361 

Sony Corp. of America, Image Sensing Div., 10833 Valley View 
St., Cypress, CA 90630,714-229-4292 circle no. 362 

Ullraview Corp., 475 YampaWay, Fremont CA 94539,510-657- 
9501 circle no. 363 


ADVERTISERS 


CSPI, 40 Linnell Circle, Billerica, MA 01821,800-325-3110 


Integrated Engineering Software, 41 

peg, MAN R3H 0X4,204-632-5636 circle no. 207 

Microway, Box 79, Kingston, MA 02364,508-746-7341 

circle no. 205 

National Instruments Corp., 6504 Bridge Point Pkwy., Austin, TX 
78730,800-433-3488 circle no. 202 

Numerical Algorithms Group,1400 Opus Place, Suite 200, 
Downers Grove, IL 60515, 708-971-2337 circle no. 204 

Operation Technology, 1 7870 Sky Park Circle, Suite #102, Irvine, CA 
92714, 714-476-8117or800-477-ETAP circle no. 215 

Speakeasy Computing Corp., 224 S. Michigan Ave., Chicago, IL 
60604,312-427-2400 circle no. 208 

Spectrum Software, 1021 S.Wolfe Rd, Sunnyvale, CA 94086,408- 
738-4387 circle no. 281 

Spyglass, lnc.,1800 Woodfield Dr., Savoy, IL61874,217-355- 
6000 circle no. 214 

Structural Research & Analysis, 2951 28th St, Suite #1000, 
Santa Monica, CA 90405,310-452-2158 circle no. 289 

TransEra Corp., 3707 N. Canyon Rd., Provo, UT 84604,801-224- 
6550 circle no. 283 

Valley Technologies, RD4, Rte. 309,Tamaqua,PA 18252, 717- 


61820,217-398-0700 
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CAREERS/PROFILE 





His invention of error- 
correcting codes for computers 
was the resutt of fortune 
favoring the pr^ared 
mind—and of frustration 

ichard W. Hamming was 
having a bad day. It was 
1947, and Hamming was 
Bell Telephone Laborator¬ 
ies’ computer evangelist. 
He was the one the other 
Bell Labs researchers would 
turn to when they found 
themselves mired in problems they were 
unable to solve with their then-current 
hand-driven desk calculators. Hamming 
would show them how computers could get 
them going again. 

On this Monday, Hamming was expect¬ 
ing a number of useful results from a large- 
scale relay computer that had been running 
unattended since Friday evening at Bell 
Labs’ New York City site. But the machine 
had had a failure early on, and Hamming 
had no results to give to his colleagues in 
Murray Hill, N.J. 

“Dammit,” he thought. “If a machine 
can find out that there is an error, why 
can’t it locate where it is and change 
the setting of the relay [from 1 to zero 
or zero to 1]?” 

A mathematician by training, Ham¬ 
ming set out to find an efficient means 
by which computers could correct them¬ 
selves. He puzzled over the problem at 
odd moments, soon finding a solution 
based on parity checking. Adding extra 
bits to a block of data would allow not 
only the detection of bad bits, but their 
position within the block as well. 

He found an even better me±od several 
months later, as he was riding in the Bell 
Labs mail delivery car from New Jersey to 
New York City. 

Hamming concentrated on the problem 
during the entire ride, since, he said, “New 
Jersey isn’t worth looking at.” He thought 
of more and more efficient arrangements 
of data, realizing that the real question was. 
What is the best possible solution? 

Within a matter of weeks, success was 
his. His techniques for finding and correct¬ 
ing a single error in a stretch of data, as 
Tekla S. Perry Senior Editor 



well as finding two errors and correcting 
one of them, were to become known as ±e 
Hamming Codes. His solution was used by 
Bell Labs in computer systems and in tele¬ 
phone switching systems. 

Hamming moved on to other projects, 
and error correction moved on, too, being 
developed by other scientists into a scientif¬ 
ic discipline used in everything from ex¬ 
tracting data transmitted from space 
probes, to recovering jammed communica¬ 
tions, to guaranteeing high-quality music 
from a compact disc. 

COMPUTER JANITOR. Hamming’s first involve¬ 
ment with the large-scale computing of its 
day was as the computing maintenance 
man—a computer janitor, he called it—for 
the Manhattan Project, whose members 
built the atomic bomb during World War n . 

Becoming interested in mathematics in 
high school where, during freshman alge¬ 
bra, he realized “I was a better mathemati¬ 
cian than the teacher,” Hamming had in¬ 
tended to study engineering. But his only 
scholarship offer came from the University 
of Chicago, which did not have an engineer¬ 
ing school. So he majored in mathematics, 
going on for a master’s degree at the 
University of Nebraska and a Ph.D. at the 


Itwas science fiction 
come true, 
the mad scientist’s 
laboratory’ 


University of Illinois, both in mathematics. 

With tiiose credentials, he expected to 
have a teaching career, and began one. But 
that smooth career path shifted after Ham¬ 
ming received a letter from an old friend. 

The friend told him: I’m in Los Alamos, 
and there is something interesting going on 
down here. Come down and work. 

With not much more to go on except that 
he was needed for war work, Hamming 
took the train to New Mexico, and his wife 
followed a month later. They both began 
work on the Manhattan Project. 

Hamming’s wife was hired to run a desk 
calculator, eventually working for Enrico 
Fermi and Edward Teller. Hamming was 


taken to a large room where a group of 
IBM relay computers were clacking away. 
At night Aey cast eerie shadows in the dim 
hght. ‘It was science fiction come true, the 
mad scientist’s laboratory,” Hamming re¬ 
called, telling IEEE Spectrum that his avid 
interest in science fiction ended that day. 

Hamming’s job was to keep the comput¬ 
ers running so the physicists who had set 
up the elaborate computations could get 
back to their work on the atomic bomb. 
Though Hamming knew nothing about 
computing on such large machines, he 
learned quickly. 

“And when I had time to think about it, I 
realized that it meant that science was go¬ 
ing to be changed,” he said. Experiments 
were going to be possible with computers 
that were impossible in the laboratory. 

When the Manhattan Project ended after 
the war, Hamming accepted a job at Bell 
Telephone Laboratories, but delayed his 
move to New Jersey. Instead, he stayed in 
Los Alamos for six more months, even 
though most of the other scientists had left. 

“I vranted to figure out what had hap¬ 
pened there, and why it had happened that 
way,” he said. And he wanted to create a 
written record of what had been computed, 
because he believed that part of the 
job of a scientist is to write and teach, 
to enable others to carry on his work. 

One thing that puzzled him was why 
the bomb worked so well. Why, when 
so many of the numbers used in the 
calculations were of questionable ac¬ 
curacy, were the final computations so 
accurate? He concluded that it was 
due to the feedback loops of large- 
scale computations. Years later this 
experience served him well as he 
searched for clues as to why certain 
failures of early Nike missile test vehi¬ 
cles could also be accurately simulated. 

He also asked himself why designing the 
bomb—an engineering job if he ever saw 
one—^was done by a group of young scien¬ 
tists, not engineers. He concluded that en¬ 
gineering schools do not prepare students 
to work at the frontier of knowledge. 
Rather, he said, they prepare them to do 
run-of-the-mill work, and he thanked his 
good luck that his original ambition to study 
engineering had been thwarted. As an engi¬ 
neer,” he said, “I would have been the guy 
going dovra manholes instead of having the 
excitement of frontier research work.” 
YOUNG TURKS. When Hamming finally left 
Los Alamos for Bell Telephone Labora- 
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Vital statistics 

Name: Richard W. Hamming 

Date, place of birth: Feb. 11,1915; Chicago 


Family: wife, Wanda; cat, Shiro 
Education: three degrees in mathematics: BS, 
University of Chicago, 1937; M.A,, University of 
Nebraska, 1938; Ph.D., University of Illinois, 1942 


First lob: night shift worker in a waxed-paper fac¬ 
tory 

People most respected: Harry Truman, England's 
Queen Elizabeth 

Favorite book: Jane Austen’s Pride and Prejydice 
Most recent book read: Discovery o f the Amazon. 
ed. JoseT. Medina 

Favorite periodical: Sky and Telescope 
Favorite music: none 


Favorite saying: “The purpose of computing is in¬ 
sight and not numbers,” 


Memberships: IEEE (Fellow), Mathematical Asso¬ 
ciation of America, American Association for the 
Advancement of Science, Sigma Xi, Association 
for Computing Machinery (former president) 
Highest honor: the naming after him of the IEEE's 
Richard W. Hamming Medal, awarded for excep¬ 
tional contributions to the information sciences 
and systems 



tones in 1946, he joined a mathematics de¬ 
partment that had recently hired Claude E. 
Shannon, Donald P. Ling, and Brockway 
McMillan. The four called themselves the 
Young Turks. All around 30 years of age, 
they shared a baptism in scientific research 
that had started with the war, and they 
were much alike. 

“We grew up in the great depression,” 
Hamming said, “so we believed we owed the 
world a living. During the war we all had to 
learn things we didn’t want to learn to get 
the war won, so we were all cross-fertilized. 
We were impatient vnth conventions, and 
had often had responsible jobs very early.” 

The situation was right for great 
achievements, Hamming said, and the 
four went on to fulfill their promise, 
although not in the way Bell Labs ex¬ 
pected. “We were first-class trouble¬ 
makers,” Hamming said. “We did un¬ 
conventional things in unconventional 
ways and still got valuable results. 

Thus management had to tolerate us 
and let us alone a lot of the time.” 

Hamming, for one, was hired to 
work on elasticity theory. But the 
presence of computers required him 
to devote more and more time to 
them, and his career became centered 
on the computer revolution, vwth his key 
advances being made in error-correcting 
codes and in digital filter theory. 

Hamming’s contribution to digital filters 
arose out of his concern for teaching the 
analog computing specialists the new digital 
ways of thinking before they became ossi¬ 
fied He was encouraged to write a text for 
them, learning the field from such digital 
experts as John W. Tukey and James F. 
Kaiser. 

His work on that text also led to a patent 
on a new filter design method, and to a cer¬ 
tain “window” being named after him. The 
Hamming window is a statistical tool that 
lets users look at a small region of a signal, 
often a spectrum, with the least amount of 
leakage from any other part of the signal. 

These developments illustrated a maxim 
that Hamming adopted from Louis Pasteur: 
luck favors the prepared mind. They also fit 
in with another one of his oft-repeated ax¬ 
ioms: “If you don’t work on important prob¬ 
lems, it’s not likely that you’ll do important 
work.” The moments of such discoveries 
are the high points of Hamming’s life. He 
said, “The emotion at the point of technical 
breakthrough is better than wine, women, 
and song put together.” 

But being a first-class troublemaker does 
not make one universally popular. Some 
former colleagues from Bell Labs recall 
Hamming as egotistical, and comment that 
he occasionally went off “half-cocked, after 
some half-baked idea,” and he was slow to 
pick up on his misdirection. “He is very 
hard to work with,” one former Bell scien¬ 
tist said, “because he does a lot of broad¬ 
casting and not a lot of listening.” 

Hamming appears to be aware of such 


feelings. He said, “To reform the system, 
you have to be willing not to be liked.” 
MANAGER—NOT. While Hamming believes 
that he did a lot of good for Bell Labs by 
bringing in computers, he suspects that he 
could have contributed more if he had been 
willing to be a manager. He vras not. 

Several times Hamming found himself 
promoted to the head of a department of 
researchers. As fast as he could, he found 
those scientists other jobs in the laborato¬ 
ries and transferred them out. ‘1 was so 
busy doing what I vranted that I couldn’t 
give them the attention they deserved,” 
Hamming said. “I knew in a sense that by 
avoiding management, I was not doing my 


‘If you don’t work 
on important problems, 
it’s not likely that 
you’ll do 
important work’ 


duty by the organization” he said. ‘That is 
one of my biggest failures.” 

Frustrated at several points in his career 
by aging scientists who were taking up 
space and resources that, he believes, could 
have been put to better use by young turks 
like himself, Hamming resolved while still 
young to retire early and get out of the way. 
So he ended his career at Bell Telephone 
Laboratories after 30 years, at age 6L 

He still believes his decision was the 
right one—that mathematicians are most 
productive early in their careers and then- 
productivity drops off rapidly as they age 

That he believes he is right, however, 
does not seem to make him happy. On an 
anniversary of Bell Labs, he recalled receiv¬ 
ing a commemorative poster listing year- 
by-year contributions Bell Labs had made 
to research. Partially unrolling the poster, 
Hamming scanned the listing for his early 
years at Bell Labs and noted complacently 
that he had worked on, or been somehow 
associated with, most of the chief contribu¬ 
tions listed. 

He then hung the poster on a door, 
where it unrolled. Glancing at it again a few 
days later, Hamming realized that all his 
valued contributions came in the first 15 
years of his tenure—he had not been asso¬ 
ciated with any of the subsequent projects 
listed. He tore up the poster and threw it 
away. 

THE PROFESSOR. Hamming knew that the 
day he left Bell Labs, his research career 
would be over. But he thought he had an¬ 
other career or two left in him—those of 
an author and a teacher. He had already 
written a number of books on computing 
theory and went on to produce more, con¬ 


tinuing his vmting even up to this day. His 
teaching included various evening classes 
while at Bell Labs, and he decided to expand 
that experience into a full-time teaching ca¬ 
reer at the Naval Postgraduate School in 
Monterey, Calif., because, he said, he want¬ 
ed to live in California (to escape harsh 
New Jersey winters) and his wife suggested 
Monterey. 

Life after research has mixed appeal for 
Hamming, now 78 years old. He finds the 
students at the Naval Postgraduate School, 
where he is an adjunct professor, to be 
‘inarvelous.” ‘There is no school I know of 
in which the students are better selected 
and more likely to be worth the trouble,” he 
said. And he likes the idea that he is 
teaching people who in 30 years or so 
will be very important in the military 
organizations of this and other na¬ 
tions. But he misses the intellectual 
climate of Bell Laboratories. 

Hamming’s philosophy of teaching 
is simple. Since he is preparing stu¬ 
dents for the year 2020, and he has no 
clue as to what technology they will be 
dealing with at that date, whatever 
subject he is teaching is really a class 
on learning to learn. 

In a basic undergraduate-level cir¬ 
cuit theory class, Hamming, who never 
studied circuit theory, goes through the 
text with the students, line by line. “I tell 
them that I will do very little writing on the 
blackboard. We will learn to read this book, 
and learn how you go about following a bok 
full of formulas.” 

During the class attended by Spectrum, 
Hamming reminded the students that “this 
is not an exciting class, it is routine and bor¬ 
ing. And much of engineering is like that. 
But I’m teaching you how to learn.” 

Hamming occasionally digresses to a sto¬ 
ry about his days at Lxjs Alamos or Bell 
Labs. The students find the digressions in¬ 
teresting. As for reading the book page by 
page, well, some say there are more effec¬ 
tive ways for them to be taught, particularly 
in an undergraduate class. “You want the 
fundamentals drilled into you,” one student 
told Spectrum, “so you can do them in your 
sleep. This is more like a self-taught 
course.” 

Hamming still spends a lot of time read¬ 
ing journals to stay technically current on a 
range of scientific topics. But, he said, an¬ 
noyed: “I don’t keep up as well as I used to. 
I’m falling slowly behind. There is no way 
out of it. Frustrating? It’s worse than frus¬ 
trating!” 

Hamming expects to retire from teach¬ 
ing in the next three years. With few out¬ 
side interests, he does not know what he’ll 
do vnth himself. “A friend told me recently,” 
he recounted, “‘Hamming, the day you quit 
teaching, you are going to fall apart.’ He’s 
probably right. When I left Bell Labs, I 
knew that that was the end of my scientific 
career. When I retire from here, in another 
sense, it’s really the end.” ♦ 
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Circle No. 50 


DSP & DATA 
ACQUISITION 



• Multi-purpose DSP based boards 

• Multi-channei Analog & Digital I/O 

• Development, FFT, high speed user 
friendly Data Acquisition Software 

• Attractive pricing 

Dalanco Sp^ 

89 Westland Avenue, Rochester, NY 14618 

(716) 473-3610 

Fax (716) 271-8380 

Circle No. 51 


WORLD’S FASTEST 
VISION PROCESSOR 



The Series 150/40 features 40 MHz 
pipelines & parallel digital signal process¬ 
ing. It is designed for high-speed 
inspection and machine guidance tasks, 
advanced image analysis, and sophisti¬ 
cated research and aerospace projects 
where speed and accuracy are essential. 

Imaging Technology Inc. 

55 Middlesex Tpk., Bedford, MA01730 
617-275-2700 FAX: 617-275-9590 
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Backpropagation 
XKie Easy Way 


Propagator^" 

Neural Networit Development Software 

Easy Enough for the Novice... 
Powerful Enough for the Experienced User 

• Motif Point & Click Interface 

• Graphic Performance Displays 

• Available for Sun - $499 

• Windows Sl Mac Versions 
Available Soon 

• Money Back Guarantee 

• Free Technical Support 


RS232 Direct Into 
Any PC Program 



Read Real-Time Data from Any Serial Device 
into Any Application-Lotus, dBASE, Excel, etc. 
Full 2-way I/O with many advanced features. 
No Hardware or P 


T^ej^ftw^Wedge™ 


ARD CORPORATION 

9151 Rumsey Road • Columbia, MD 21045 
1-800-969-2731 • Fax:(410)997-3902 


800-722-6004 


,.L. ENTERPRISES 


• New C Programmable miniature controller 

• Seven 10-bit analog inputs 

• Seven digital inputs 

• 10-bit DAC: voltage or current output 

• Twelve digital/relay driver outputs 

• RS-232/RS-485 serial ports 

• Enclosure with LCD/Keypad available 

• Expansion bus for additional, low cost I/O 

• Easy to use Dynamic C™ development 
software only $1951 

Z-World Engineering 

1724 Picasso Ave., Davis, CA 95616 
(916)757-3737 Fax: (916) 753-5141 
24 hr. Information Service: (916) 753-0618 
(Call from your fax and request data sheet #24) 
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Data Acquisition 
and Instrument Control 

Free 1993 catalog of 
measurement and 
instrumentation 
products for PCs, 
workstations, and 
more. Features new 
LabV IEW software for 
Windows and Sun, 
and LabWindows. 
Describes IEEE 488.2 
interfaces, plug-in 
data acquisition boards, VXIbus controllers, 
DSP hardware and software, and signal con¬ 
ditioning accessories. Training classes also 
detailed. Includes tutorials and glossary. 

National Instruments 

6504 Bridge Point Parkway, Austin, TX 78730 
(512) 794-0100; (800) 433-3488 (U.S. and Canada) 
Fax: (512) 794-8411 




ProtoSim" 

-Q- 



Affordable PC based graphit- _ 

diagram software for modeling, analyzing 
and simulating linear and nonlinear dynamic 
systems. Simply draw the block diagram of 
your system using a mouse and the 
extensive set of digital and analog functions 
provided. ProtoSim will simulate it. Used by 
industry and universities for the rapid design 
and simulation of systems and components. 

Introductory offer $99 

Systems Engineering Associates Inc. 

Box 3417 RR#3 Montpslier, VT 05602 

(802) 223-6194 


Convert your PC into a Remntahle 

Tl/El Test/Monitor System 

Monitor & 



SuueiTl/SuperEl Card : eFuU size PC-AT caid 

• T1 signal Input and Output eMenu driven 
software allows monitoring and test of a T1 
line • Detailed and versatile logging of abnormal 
events • Real-time graphic display of received 
data • BER test, DSP functions, user definable 
data, CSU looping codes, display of frequency, 
power, byte values and signalling bits for all 
channels, and many more functions. 

MultiTl Card : •Half size PC-AT card 

• Monitoring and analysis of up to 8 T1 lines 

• All receiver functiontility of SupefTl card, 
graphical display of received data, slip 
measurement, and more. 

cyCustomized software applications upon request. 
GL Communications Inc. 
g(301) 6704784 Fax:(301) 926-8234 
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YOUR HEADLINE 

This area may be used by advertisers 
to detail their ad message in 50 words 
or less. Just provide typed copy with 
appropriate direction for emphasis 
(bold, underscore, etc.) we’ll do the 
rest. Be sure to include repros of your 
company logo, etc. Indicate if you wish 
us to set addresses, phone #, etc. For 
rates and production information, 
phone 212-705-7579. 

COMPANY NAME/LOGO HERE 

Mailing address/Phone 


AD SIZE; 2V x 3' 


Record, Playback, and 
Analyze at 500 MS/s 



WithESL'sVPSOOO 
Signal Analysis System! 

• 32 to 256 MBytes real-time storage 

• 200 MHz analog bandwidth 

• Single and dual channel systems 

• 10 KS/s to 500 MS/s digital 1/0 

• Embedded i860 processing and analysis 

• Flexible acquisition and playback modes 


riRn 
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WE 

KNOW 

I/O. 


Announcing... 

NEW IBM® compatible, 
high performance analog 
and digital I/O boards! 

The RTI®-834/RTI-835... 
they open data acquisition 
doors! 

1 . 800 - 426-2564 


IHIE FEMES 
eMI 
LiEEniH! 


S/Filsyn™ 


Software 

50% Off! 


NEW FEATURES! 


GUI simplifies operation 


415 - 325-4373 



The legendary Vector 
Fields suite of soft¬ 
ware, including the 
TOSCA, ELEKTRA 
and OPERA pack¬ 
ages, combines clas¬ 
sical finite element 
techniques with user friendly interactive graph¬ 
ics for high accuracy 2D and 3D simulation and 
design of all types of electromagnetic equip- 


Vector Fields Inc 

1700 North Farnsworth Av 
Aurora, IL 60505 
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Employment opportunities 


Organizations seeking engineers and scientists describe 
their various openings in the foilowing advertising section 
In order to conform to the Age Discrimination in Empioy- 
ment Act and to discourage age discrimination, IEEE may 
reject any advertisement containing any of these phrases 
or similar ones, “recent college grads,” “1-4 years maxi¬ 
mum experience,” “up to 5 years experience,” or “10 years 
maximum experience.” IEEE reserves the right to append 
to any advertisement, without specific notice to the ad¬ 
vertiser, “Experience ranges are suggested minimum re¬ 
quirements, not maximums.” IEEE assumes that, since 
advertisers have been notified of this policy in advance, 
they agree that any experience requirements, whether 


stated as ranges or otherwise, will be construed by the 
reader as minium requirements only. While IEEE does not 
ban the use of the term “entry level,” its use is dis¬ 
couraged since, to some, it connotes an age rather than 
an experience designation. IEEE accepts employment ad¬ 
vertising to apprise its members of opportunities. Interest¬ 
ed parties should be aware that the political and humanis¬ 
tic values of certain advertisers may differ from their own. 
IEEE encourages employers to offer salaries that are com¬ 
petitive, but occasionally a salary may be offered that is 
significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 
whether extenuating circumstances apply. 


To place an advertisement in Spectrum’s Empioyment Opportunities section, contact the nearest Spectrum sales office 
New York Boston Chicago San Francisco Los Angeles Atlanta Dallas Denver 

212-705-7760 508-255-4014 708-446-1444 415-386-5202 310-649-3800 404-256-3800 214-553-9896 303-670-3749 

For production/mechanical information contact Theresa Fitzpatrick Advertising Production Manager, 212-705-7579 
IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 


RESEARCH ENGINEER 

Immediate opportunity for ELECTRICAL ENGINEERS 
with strong research skills in the following areas; 

• Simulation and Modeling of Radar/IR Systems and 
Signatures 

• C & FORTRAN Scientific Programming on UNIX 
Platforms 

Successful candidates will also possess experience and 
knowledge in: 

• Probability Theory/Statistics/Time Series Analysis 

• Decision Theory/Statistical Pattern Recognition 

• Control/Communications/Systems Theory 

• Supercomputing on Vector/Parallel CPUs 

MS plus 2 years experience, Ph.D. preferred. Must be 
eligible for DoD clearance. Must be willing to relocate to 
Washington, DC area. 

We offer an attractive compensation package and an 
excellent professional environment. Fax your resume 
to 703-960-0512 or send your resume in confidence 
to; Faye DeProspero, Locus, Inc., 2560 Huntington 
Avenue, Alexandria, VA 22303. An Equal Opportunity/ 
Affirmative Action Employer. U.S. Citizenship Required, 
Women and Minorities encouraged to apply. 

Locus, Inc. 

KAMAN 



ROME LABORATORY 

where visions become reality 

CHIEF SCIENTIST 

Air Force Materiel Command (AFMC) invites applications from 
individuals interested in guiding the scientific and technical 
aspects of vigorous Air Force research, exploratory, advanced 
development, and test programs in command, control, 
communications and intelligence (C3I) technologies. Rome 
Laboratory is located at Griffiss Air Force Base, near Rome, New 
York. Its mission is to transition technology to current and future 
systems to improve operational capability, readiness, and 
supportability; promote transfer of technology to the private 
sector; and maintain leading edge technological expertise in the 
areas of surveillance,. C3I, reliability science, electro-magnetic 
technology, photonics, signal processing and computational 
science. This is a Scientific and Professional (ST) position with a 
salary range of $79,931 - $115,700. 

ADDITIONAL INFORMATION: Call the AFMC Senior Civilian 
Management Office at (513) 257-1094 or DSN 787-1094 for a 
copy of Announcement ST 93-05 describing qualification 
requirements and for SF-171 (Application for Federal 
Employment). U.S. citizenship required. 

Applications must be postmarked by 
June 4. 1993 

DEPARTMENT OF THE AIR FORCE 
AN EQUAL OPPORTUNITY EMPLOYER 
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GPS RECEIVERS 
TELECOMMUNICATIONS 
REMOTE OCEAN SENSING 
EHF COMMUNICATIONS 
SPACE SYSTEMS 
C^l 


TOMORROW’S TOCHNOLOGY TODAY! 

If this sounds like the technology you are interested 
in pursuing, talk to E-Systems, EQ Division. We are in 
search of talented engineers to staff a variety of exist¬ 
ing programs and to lead in the pursuit of new busi¬ 
ness. 

Opportunities exist for individuals with a back¬ 
ground in one of the following areas: 

GPS RECEIVERS. .. Kalman Filters, Dynamic 
Simulation, Differential GPS, GPS Inertid Aiding, 
Attitude Determination. 

CRYPTOS.. . Embedded Ciyptographic Design, 
Red/Black Isolation, Security Fault Ana^is, NSA 
Documentation. 

TELECOMMUNICATIONS .. . Operational 
Concepts, ISDN Trunk Interfacing, Acoustic Design, 
Smart Card Development, Multi-Chip Module (MCM) 
Technology. 

C<I APPUCATIONS ... LANs/WANs, Multi-level 
Security, RF Modem Design, HFAJHF/VHF, IMBPS 
to 5GBPS, 68000/VME Designs. 

EHF SYSTEMS.. . Space and Ground Terminals, 
MILSTAR LDR/MDR Waveform, Up/Downlink 
Systems. 

RF/MICROWAVE DESIGN ... MIC Solid State 
Power Amps, Ku Band. 

SOFTWARE DESIGN ... Ada, C, I750A, RISC, 
DSP, Real-time, embedded microprocessor, DOD 
2167A, CASE Tools, SW Methodology. 

E-Systems offers very competitive salaries and 
an excellent benefits package which includes an 
Employee Stock Ownership Plan, 401 (k), and medi¬ 
cal and dental insurance. Qualified candidates should 
forward a resume and salary history to: Manager of 
Staffing, E-Systems, Inc., ECI Division, Post Office Box 
12248, St. Petersburg, florida 33733-2248. 




W.M. KECK OBSERVATORY 

ADAPTIVE OPTICS ENGINEER 

The adaptive optics engineer will be a key member of a small 
team responsible for interface design, instaliation and testing of 
adaptive optics components on the two 10m diameter Keck teie- 
scopes. Adaptive optics user facilities wili be deveioped and 
implemented for tilt correction at long wavelengths ( 5 to 10jji,m) 
and higher order correction in the near infrared (2|jLm). Preiimi- 
nary requirements and designs wiil be generated for higher order/ 
shorter wavelength systems using laser guide stars. 

Qualifications 

Applicants should have a minimum of five years experience in 
optics and adaptive optics. A Master of Science level degree in 
optics, physics or eiectrical engineering, or equivaient experience, 
is required. Detailed expertise is desirabie in the foilowing areas: 
adaptive optics theory, adaptive optics system design, atmospher¬ 
ic characterization, wavefront sensing and reconstruction, adap¬ 
tive optics components opticai testing, Unix and C programming, 
and the development of software simulation and analysis toois. 
Good written and oral communication skiils are required and the 
abiiity to work independently and as part of a team. The applicant 
shouid be physicaiiy capabie of occasional work at 14,000 feet 
elevation and must pass a high altitude physicai. 

Closing date for accepting applications is May 31,1993. 
Interested candidates may submit a resume with salary history 
and requirements to: California Association for Research in 
Astronomy, Attn: Adaptive Optics Engineer, P.O. Box 220, 
Kamuela, HI 96743. FAX 808-885-4464. 

CARA is an Affirmative Action/Equal Opportunity Employer. Women and 
Minorities are encouraged to apply. 


Engineering Opportunities 

• Litton Data Systems has achieved a well-respected position as one 
of the world’s foremost developers and manufacturers of military 

• command, control and communications (C?) systems. We are seeking 
qualified individuals to work on several Air Defense Programs and 

• Rapid Deployment Systems. 

. TECHNICAL MANAGER 

• Digital and voice communications and fiber optics. 

• • Technical degree with (?I hardware development experience. 

, PRINCIPAL INVESTIGATORADENTIFIER GRAD) 

• Experience with: Situational awareness based, multi-source, target 
, ID systems and prototype development. 

• Advanced degree required. 

• SYSTEMS ENGINEERS 

• Define & structure SW/HW interfxe requirements lAW 2167A. 

• • Background in OOA/OOD, CASE tools and Ada. 

. SOFTWARE ENGINEERS 

• Perform detailed design, code, test and documentation. 

• • Design; Ada and realtime/C? systems or C, UNIX, UNIX device 

drivers and PC BIO 

• Test: software test lAW 2167A, Ada, OOAyOOD, UNIX, 
distributed networks and CASE. 

Applicants selected will be subject to a security investigation and 
must meet eligibility requirements for access to classified infor¬ 
mation. U.S. citizenship required. 

For immediate consideration, please forward your resume, 
including salary history, to: Litton Data Systems, 
Employment, Dept 438,29851 Agoura Rd., P.O. Box 
6008, Agoura Hills, CA 91376-6008. Principals only 
please. EOEM/F/DA'. 

Utton 
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SIEMENS 


Software 
Engineering 
On The 
Leading 
Edge... 


At Siemens, a $40 billion global company, we recognize the 
value of research and development. That’s why we’ve invested 
approximately $5 billion in worldwide R&D efforts last year. 
Siemens Corporate Research in Princeton, New Jersey is an 
integral part of centralized corporate R&D with partners in 
Munich and Erlangen (Germany). At our 23-acre complex, we 
perform research and basic development in software engineer¬ 
ing, learning systems, imaging, and optical data processing. 

In support of our program in software engineering, we are 
looking for investigators with demonstrated expertise in the fol¬ 
lowing four areas: 

Design Methods 

We are exploring the representation and analysis of software 
architecture. Problems of interest include the analysis of tempo¬ 
ral properties of real-time systems, architectural control of 
evolving, large-scale systems and the recovery of architecture 
from existing artifacts. Dept SE-DM 

Software Process 

The Software Engineering Department is building a team in 
software process. This team will develop new techniques for 
process definition, measurement and design. Dept SE-SP 

Testing 

We are ex^ring new methods for automatic test case genera¬ 
tion using formal specifications, test description techniques and 
software fault models. We are investigating the use of static and 
dynamic dataflow analysis to assess test adequacy. Dept SE-TE 

Maintenance and Reverse Engineering 

We are developing techniques to represent, analyze and trans¬ 
form program source code. Areas of interest include program 
representation, dataflow analysis, interactive browsing, naviga¬ 
tion, program understanding, impact analysis and change 
automation. Dept SE-MRE 

To qualify for these positions, you must be ambitious and pro¬ 
gressive with an advanced degree (Ph.D. preferred) in Com¬ 
puter Science, Software Engineering or a related field. 
Candidates with experience in real-time systems design, soft¬ 
ware testing, language processing for reverse engineering and 
ISO-9000 are especially urged to apply. 

Our work includes joint projects with leading U.S. universi¬ 
ties and institutions in addition to the opportunity to share in the 
resources and talents of the Siemens global R&D organization. 
Members of our technical staff are encouraged and expected to 
initiate and lead new investigations within our technical charter. 
We take a team-oriented approach to research projects includ¬ 
ing the implementation work necessary to demonstrate feasibil¬ 
ity. Reduction to practice, transfer, publication, and interaction 
with Siemens companies worldwide are vital activities. The lab¬ 
oratory maintains a computing environment with the latest gen¬ 
eration of SUN workstations and commercial CASE tools. 

For further information, please send your resume, copies of 
recent publications, references, and indicate appropriate 
department code listed above to: Human Resources, Siemens 
Corporate Research, Inc., 755 College Road East, Princeton, 
NJ 08540. Equal Opportunity Employer. 





Authoritative 
Works by the 
World's Most Highly 
Recognized Experts 
in Electronics and 
Computing 
Engineering 


The latest developments 
in one of today's hottest areas of 
research from the editor of the 
newest journal in the fields. 

FUZZY MODELS FOR 
PAHERN RECOGNITION 
Methods That Search for 
Structures in Data 

edited by James C. Bezdek, University of 
West Florida and Sankar K. Pal, Indian 
Statistical Institute, Calcutta 
IEEE Neural Networks Council, sponsor 
Co-edited by James Bezdek, editor of the 
new journal lEEETronsactionsonEuzzv 
Systems, this book shows you everything 
— from how the field has developed to 
where it might lead you in the future. 

Beginning with Lotfi Zadeh's original 
1965 article on fuzzy sets, the editors 
take you chronologically through 
categories on the evolution of fuzzy 
algorithms for feoture analysis, clustering 
and classifier design, and image 



recognition system in a design problem. 
In addition, each section contains an 
introduction to the topic, comments on 
the importance of the topics selected, 
and a bibliography for further reading. 
March 1992 
ISBN 0-7803-0422-5 
Order #PC03178-PWM 552pp 
IEEE Member Price: $60.00 
Ust Price: $74.95 


Offers you the latest information 


fers yoi 
well-known models and their 
applications... 

ARTIFICIAL NEURAL 
NETWORKS 

Paradigms, Applications, and 
Hardware Implementations 

edited by Edgar Sanchez-Sinencio, Texas 
A&M University and Clifford Lou, Dept, 
of the Navy 

IEEE Circuits and Systems Society and 
IEEE Neural Networks Council, sponsors 
A comprehensive collection of the classic 
foundations, the latest hardware 
implementation techniques, and 
engineering applications of artificial 
neural networks, this book gives design 


approaches to a variety of topics, along 
with key neural network references for 
self-study. 

Available April 1992 
ISBN 0-87942-289-0 
Order #PC02840-PWM 
Approx. 560pp 
IEEE Member Price: $55.00 
Ust Price: $69.95 



processing and vision. Each category is 
divided into topics in which the world's 
leading researchers on the subject 
discuss everything from theory to the 
practical application of a pattern 


engineers and technical managers the 
practical skills required to succeed. 
Offering key editorial commentaries 
and tutorials, it provides you with a well- 
rounded presentation of alternative 


Hdps you decipher the theoretical 
foundations and mathematical 
analysis behind neural 
networks... 

NEURAL NETWORKS 
Theoretical Foundations & 
Analysis 

edited by Clifford Lau, Dept, of the Navy 
IEEE Neural Networks Council, sponsor 
Theoretically and mathematically 
oriented to build a solid foundation for 
future neural research, this book 
provides scientists and engineers with 
the fundamental mathematical skills 
needed to understand both the 
capabilities and tbe limitations of neural 
network performance. The analytical 
techniques and theories presented ore 
widespread and therefore 
useful to many specific neurol 
network applications. 

Logically organized and 
mathematically 
rigorous, it is a valuable 
reference tool for 
novices and experi¬ 
enced researchers alike. 
January 1992 
ISBN 0-87942-280-7 
Order#PC02790-PWM 336pp 
IEEE Member Price: $37.50 
Ust Price: $49.95 


The most recent advances and 
practical applications... 

ADVANCES IN ADAPTIVE 
CONTROL 

edited by Kumpoti S. Narendra, Yale ! 
University; Romeo Ortega, Universidad ! 
Nacional Autonoma de Mexico; and 
Peter Dorato, University of New Mexico i 
IEEE Control Systems Society, sponsor 
Written by those at tbe forefront of ! 
adaptive control technology, this volume I 
provides snapshots of the current status 1 
of adoptive control of linear, nonlinear, 
ond stochastic systems as evidenced by 
recent developments. If you're an 
engineer working in robotics, flight 
control, space control applications, 
process control, manufacturing, or | 

automobile control you will be interested j 
in the valuable tutorial papers, 
discussions on recent developments, 
and comprehensive coverage this ; 

volume offers. 

1991 

ISBN 0-87942-278-5 
Order #PC02725-PWM 424pp 

IEEE Member Price $55.00 
Ust Price $69.95 


I titles ore Irankover and ore 
I available now except where 


I Prices are subject to change 
I without notice. 

I Address orders ond inquiries to: 
IEEE Service Center 
Customer Service Deportment 
445 Hoes Lane, P.O. Box 1331 
Piscataway,NJ 08855-1331 
1-800-678-IEEE(4333) 


The Institute of Electrical and Electronics Engineers, Inc. 




























UNO-VEN 


® Products 

UNO-VEN is an innovative refiner and marketer of Unocai 76 Prod¬ 
ucts. Currently, we have a need at the Refinery for a team-work 
oriented power distribution engineer experienced in 13.8KV/4160V 
switchgear, 480 VMCC's and project engineering. 

ELECTRICAL ENGINEER 

Requirements: 

• Bachelor of Science in Electrical Engineering 

• Minimum 2 years USA Heavy industry Experience 

• Minimum 2 years Power Distribution and Project 
Engineering Experience 

• Refinery Experience Preferred. 

UNO-VEN offers growth opportunities and a competitive compen¬ 
sation package commensurate with experience and ability. A com¬ 
prehensive benefits package is also included which consists of a 
savings & investment plan, retirement plan, educational reimburse¬ 
ment, life insurance, medical and dental plans. 

For immediate consideration, kindly send your confidential resume 
and salary history, no later than May 17th, to: 

THE UNO-VEN COMPANY 

Attn: Personnel Representative 
135th St. & New Ave. 

Lemont, IL 60439 

An equal opportunity employer 


KUWAIT INSTITUTE FOR SCIENTIFIC RESEARCH 

Kuwait Institute for Scientific Research (KISR) is a nonprofit organization actively 
engaged in applied research in the fieids of environmental and earth sciences; food 
resources; engineering; petroieum, petrochemicais and materiais and techno-eco¬ 
nomics. 

KiSR has vacancies in the following fields: 

ELECTRICAL OR CHEMICAL ENGINEERING 

Major duties: 

• Carrying out simuiation of process control systems with speciai emphasis on refin¬ 
ing processes. 

• Programming optimal, predictive and adaptive control algorithms and test them in 
industrial environments. 

• Implementing algorithms for on-line system identification using classical and inno¬ 
vative methods such as neural networks. 

Qualifications: 

Applicants should have a Master Degree in Electrical or Chemical Engineering with 
2-3 years experience in process modelling and control as well as extensive experi¬ 
ence in computer applications prgramming. 

INDUSTRIAL ENGINEERING 

Major duties: 

• Applying statistical quality control methods in selected Kuwait industries. 

• Assisting in developments of knowledge based systems for fault detection and iden¬ 
tification of system failures. 

• Carrying out simulations of industrial production planning and control procedures. 
Qualifications: 

Applicants should have a Master Degree in Industrial Engineering with 2-3 years 
experience in statistical quality control and extensive exerience in computer applica¬ 
tions and programming. 

KISR offers attractive tax free salaries commensurate with qualifications and experi¬ 
ence and generous benefits that include: gratuity, free furnished air-conditioned 
accommodation, school tuition fees for children, five weeks annual paid vacation, air 
tickets, free medical care and life insurance. 

Interested applicants are requested to send their Curriculum Vitae with supporting 
information not later than one month from the date of this publication, to: 

Personal Manager 

Kuwait Institute fur Scientific Research 
P.O. Box 24885 
13109 Safat-KUWAIT 




FOR EVERY DISCOVERY, 
THERE WAITS ANOTHER 
BEYOND THE HORIZON. 

An unyielding commitment to technologicol exploration has mode 
Siemens Quontum, Inc. the recognized innovator in medical imag¬ 
ing technology. In fact, one out of three of our employees is enjoy¬ 
ing technical challenge and freedom in R&D. Join our quest in the 
following opportunity; 

Transducer Engineers 

Design parts or tools using specified conceptual design; fabricate 
tools or prototypes; execute experiments to verify or investigate 
tooling or part performance. BS in ME/Physics and 5 years' expe¬ 
rience as pracess engineer required. Experience in medical ultra¬ 
sound development/manufacture desirable. Excellent skill in fabri¬ 
cating small, complex items and experience in dicing techniques, 
bonding or soldering necessary. 

Siemens Quantum, Inc. offers excellent compensation and bene¬ 
fits, including on immediate 401 (k) plan. Please send your resume 
indicating your position preference to: Siemens Quantum, Inc., 
Human Resources, Attn: S74, P.O. Box 7002, Issaquah, WA 98027. 
We are an Equal Opportunity Employer end value the diversity of 
our team members. 

Siemens Quantum, Inc. 


ENGINEERING 
! R&D MANAGER 

The Jet Propulsion Laboratory is seeking an 
I Engineering Manager for its Spacecraft Antenna 
I Research Group. The Group develops novel and 
I advanced antenna design, analysis and measure- 
I ment technologies, and tools for application in 
I JPL’s planetary, near Earth and terrestrial mobile 
I (Satcom) programs. The Group also develops and 
i operates the Antenna Test Facility that provides 
1 near-field and far-field ranges for the Laboratory. 

I Qualified candidates must possess demonstrated 
I technological leadership in antenna design, analysis 
I and measurement. A successful background in 
I business development and management of applied 
f research and technology is required, along with a 
I history of authoring significant publications in the 
I field of antennas or electromagnetics. The ability 
J to motivate and focus a diverse team of applied 
I research engineers and technicians is also a must. 
I Interested candidates, please submit resume to: 
' Professional Staffing, Dept. T-91: Jet Propulsion 
1 Laboratory, California Institute of Technology, 

I 4800 Oak Grove Drive 
249/104, Pasadena, 

CA 91109. Equal 
[ Opportunity Employer. 
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PULSE POWER SYSTEM 
DEVELOPMENT ENGINEER 

With $4 billion in annual sales, FMC Corporation ranks among the top Fortune 150 
companies. FMC's Naval Systems Division is a major defense contractor for the 
design, production, and support of weapon systems. 

Our Advanced Armaments group is seeking a talented Electrical Engineer to join our 
team. In this position you will lead a team of engineers/scientists in implementing 
advanced high-energy pulse power technologies into the design, fabrication, and 
test evaluation of systems to power electric gun test fixtures. Applied research will 
include development of advanced components to improve the capability/reliability 
of multi-megajoule stationary and transportable high-voltage capacitive-based 
laboratory pulse forming networks. To quality you must possess an M.S. in Electrical 
Engineering with minimum of 3-5 years related experience. Experience and/or 
course work should include practical circuit design, high energy plasma physics, 
electrostatic/electromagnetic theory, and high power generation, storage and 
switching. "Hands-on* laboratory experience is essential. A familiarity with the 
defense industry would be helpful. 

If your abilities and desire match this formula, send your resume including salary 
history to: Professional Staffing, M999, Dept. 506-EC, FMC Corporation, Naval 
Systems Division, 4800 East River Road, Minneapolis, MN 55421-1498. NO 
AGENCIES PLEASE. 

At FMC, performance is everything. It's the measure of our products, and our 
people. We're seeking solid performers from all candidate groups, including 
women, minorities, veterans, and the disabled. 
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9-MONTH 

MASTER’S PROGRAM 
IN ELECTRICAL 
ENGINEERING 


Success. It’s oftenjust a matter of degrees. 
Oregon Graduate Institute of Science & 
Technology can provide you that fine edge 
over the competition with an intensive 
master’s degree in electrical engineering. 
We’ve been helping engineers change for 
more than a quarter of a century. We’d 
like to help you. 

For more information, call us at (503) 690-1027 
or 1-800-685-2423. Or write to: Department 
of Electrical Engineering and Applied Physics, 
Oregon Graduate Institute of Science & 
Technology, 19600 NW von Neumann Drive, 
Beaverton, OR 97006. 

The Oregon Graduate Institute does not discriminate on 
the basis of race, color, religion, sex, national origin, age 
or physical ability. 



OREGON GRADUATE INSTITUTE 
SCIENCE & TECHNOLOGY 


KING FAHD UNIVERSITY 
I OF PETROLEUM & MINERALS 
DHAHRAN 31261, SAUDI ARABIA 

PROFESSORIAL RANKS 

APPLICATIONS ARE INVITED FOR FACULTY POSITIONS IN THE FOLLOWING DEPARTMENTS AT KING FAHD UNIVERSITY OF 
PETROLEUM & MINERALS, DHAHRAN, SAUDI ARABIA FOR THE ACADEMIC YEAR 1993-94, STARTING SEPTEMBER 1, 1993: 


SYSTEMS ENGINEERING 

APPLICANTS ARE REQUIRED TO HAVE A PH.D. 
DEGREE WITH A STRONG COMMITMENT TO 
RESEARCH AND TEACHING IN: 

- DISCRETE-EVENT SIMULATION 

- MANUFACTURING TECHNOLOGY 

- FACILITY PLANNING 

- STOCHASTIC OPERATONS RESEARCH 

- QUALITY CONTROL 


COMPUTER ENGINEERING 

APPLICANTS MUST HOLD PH D. DEGREE IN COMPUTER ENGINEERING 
OR RELATED AREAS. PREFERENCE WILL BE GIVEN TO EXPERIENCED 
APPLICANTS AT THE ASSOCIATE AND FULL PROFESSORIAL RANKS. IN¬ 
DIVIDUALS WITH DEMONSTRATED RESEARCH RECORDS AND TEACHING 
EXPERIENCE IN VARIOUS AREAS OF COMPUTER ENGINEERING WILL BE 
CONSIDERED WITH PARTICULAR EMPHASIS ON THE FOLLOWING AREAS’ 
FAULT TOLERANT COMPUTING, COMPUTER NETWORKS, PARALLEL PRO¬ 
CESSING AND COMPUTER SYSTEM PERFORMANCE EVALUATION AND 
MODELING. 


Teaching and research in the departments are supported by 3 VAX 11-780 systems, a fully equipped graphics center, a number of DEC 
3100, VAX 3100 AND SUN workstations as well as a PC-Lab with various personal computers (486, 386, Macs) as well as University 
Data Processing Center with an IBM 3090 and AMDAHL 5850 mainframe computers. Research and teaching laboratories in the 
departments include: Design Automation lab. Microprocessor lab. Digital system design lab, printed circuit design lab, data acquisition 
lab. Robotics lab, and a Computer Communication Networks lab. 


ELECTRICAL ENGINEERING 

APPLICANTS WITH DOCTORAL DEGREE FOR TEACHING GRADUATE AND UNDERGRADUATE COURSES RESEARCH OP¬ 
PORTUNITIES, PH.D. AND M.S. LEVELS. 


PREFERABLE AREAS: ELECTRONICS AND DIGITAL ELECTRONICS, MICROPROCESSORS, COMMUNICATION SYSTEMS, POWER. 
KFUPM OFFERS ATTRACTIVE SALARIES, BENEFITS THAT INCLUDE FREE FURNISHED AIRCONDITIONED ACCOMMODATION 
ON CAMPUS, YEARLY REPATRIATION TICKETS, TWO MONTHS PAID VACATION AND TWO-YEARS RENEWABLE CONTRACT. 
INTERESTED APPLICANTS ARE REQUESTED TO SEND THEIR CURRICULUM VITAE WITH SUPPORTING DOCUMENTS NOT 
LATER THAN ONE MONTH FROM THE DATE OF THIS PUBLICATION, TO: 

DEAN OF FACULTY & PERSONNEL AFFAIRS 

KING FAHD UNIVERSITY OF PETROLEUM & MINERALS 

DEPT NO. 9401 

DHAHRAN 31261, SAUDI ARABIA 
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Faults & failures 


World Ttade Center blast 
triggers design debates 

John F. King 

Catastrophic failure of communication and 
power systems followed the Feb. 26 bombing 
of the World Trade Center in New York City, 
in which 6 people were killed. In the after- 
math, 35 000 building occupants were 
stranded without lighting or communica¬ 
tions, many for up to 5 hours. In rendering 
two 110-story skyscrapers completely help¬ 
less for that length of time, the blast called 
attention to the vulnerability of large com¬ 
plexes to terrorists and fueled debate among 
engineers over improvements to power and 


safety systems to enhance security. 

In the wake of the bombing, recommen¬ 
dations were being made on more effective 
backup for those systems and where they 
should be located within the complex, the 
installation of battery-powered devices was 
being promoted, and fire-fighting tactics for 
skyscrapers were being questioned. 

Meanwhile, the Port Authority of New 
York and New Jersey, which owns and man¬ 
ages five of the World Trade Center’s seven 
buildings, was busy clearing away the debris, 
returning the power and communications 
systems to working order and adding en¬ 
hanced safety features. 

The location of the blast had a lot to do 
with why the power and communication sys¬ 
tems failed. A rented van carrying the bomb, 
estimated to weigh some 680 kg, was park¬ 
ed in the public parking area in basement 
level B-2 of the Twin Towers—just below 
the World Trade Center’s sole operations 
control center, which housed all fire and 
emergency control functions. The explosion 
opened a giant hole, at one point 30 meters 
wide, running downward from the B-1 level 


to B-6. Concrete, metal, and glass in the 
area were reduced to an estimated 2600 
metric tons of debris. 

All systems—^including fire alarm, public 
address, smoke ventilation, and fire and 
smoke detection—^were knocked out. As 
smoke from hundreds of burning cars pour¬ 
ed through the control center, the center’s 
employees were forced to flee, leaving the 
five buildings without any centralized fire 
safety communications—although rescue 
workers with handheld radios were able to 
supply advice and information to some peo¬ 
ple inside the buildings. 

According to Robert DiChiara, assistant 
director of the World Trade Department of 


the Port Authority, power for the authority’s 
five buildings is supplied by eight 15-kilovolt- 
class feeders from Con Edison, New York’s 
electric utility. The feeders connect to a sub¬ 
station situated on the B-1 level under the 
Twin Towers and about 60 meters from the 
operations control center. 

The blast ripped apart a splice box con¬ 
taining refrigeration plant feeder cables and 
crushed the cables inside. Four of the cables 
were live and faulted, causing their respec¬ 
tive 13.8-kV main feeders to fault also. With 
one of the eight main feeders out for routine 
maintenance, the remaining three were able 
to supply only about half power to the two 
towers and full power to the other three 
buildings. With the towers at half power, 
some stairwells were lit, and just half of the 
elevators were working. 

One hour and 15 minutes after the blast, 
which occurred at 12:18 pan., the New York 
City Fire Department ordered the three 
remaining feeders shut down to guard 
against the electrocution of firefighters who 
were trying to put out car fires in a huge, 
dark hole amid the floods of water that were 


gushing from a severed water line. 

With aU main power shut off, the Trade 
Center’s six emergency 1200-kW diesel- 
driven generators kicked on. According to 
Jack Buchsbaum, the Port Authority’s chief 
electrical engineer, this backup power would 
have easily handled the emergency load of 
3.5 MW and would have allowed the fire 
alarm, stairway lighting, and other emer¬ 
gency communications to operate. 

But since their cooling water was gushing 
out of the severed water line, ±e backup 
generators almost instantly went down. 
With the control center disabled, smoke 
rapidly climbed into the two towers through 
the ventilation systems and rose up elevator 
shafts and stairwells. 

Already without fire safety communica¬ 
tions, occupants of the five buildings then 
lost all lighting. Thousands groped without 
guidance through thick smoke and down 
pitch-dark stairwells—some from the top 
floor of the towers. Others were trapped in 
smoky elevators for hours. Wheelchair- 
bound people on high floors had to wait until 
power was restored at about 7:00 p.m. that 
evening to get down by elevator. Complete 
evacuation of the towers took about 12 
hours. 

Credit the painstaking, patient efforts of 
rescuers, the fire and police departments, 
and building occupants themselves with the 
fact that no fatalities resulted from panic 

Investigating factors contributing to the 
loss of power, engineers looked at the trip¬ 
ping of the main circuit breakers by the 
faulted refrigeration plant feeders. ‘Ideally, 
it would have been better if our breakers 
tripped, not Con Ed’s,” Buchsbaum told 
IEEE Spectrum. Both Con Ed’s and the 
World Trade Center’s main circuit breakers 
feature instantaneous tripping for a bolted 
short-circuit fault. He said that the Port 
Authority is exploring methods for delaying 
the tripping of the Con Edison feeders until 
the World Trade Center breakers can react 
to the fault. 

The Port Authority’s placement of back¬ 
up generators at a very low level has also 
drawn criticism.“We always advise people 
not to put critical facilities at the lowest 
level of the building,” commented Walter 
Cooper, a telecommunications engineer for 
Flack and Kurtz, a New York City consulting 
firm. He and Shelly Steiner, partner in 
charge of the electrical department at Flack 
& Kurtz, pointed out that although flooding 
did not disable the emergency generators, it 
must be seriously considered in large cities 
where water-main breaks or inadvertent 
activation of sprinklers remain a constant 
threat. The Port Authority, as part of its over- 



Workers make repairs at the site of the blast: the underground parkir^ garage at the World 
Trade Center in New York City. The explosion reduced a large area of the structure to rubble. 
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all improvements, is still considering moving 
the generators to a higher floor. 

At the time of writing, two main power 
backup possibilities were being examined: 
tapping into another power grid from Public 
Service Electric & Gas (PSE&G), the New 
Jersey utility, or using an alternate Con 
Edison network. Meanwhile, until all the 
backup plans are finalized, two air-cooled 
backup generators are now installed at 
street level. 

Technical means already exist for tapping 
into the New Jersey utility, since three 
PSE&G 27-kV feeders enter the World 
Trade Center to run ±e Port Authority’s 
PATH commuter rail service. The bi-state 
agency would simply have to tap into two of 
those lines, one in each of the two rail tubes, 
so that the lines could back up one another. 

The fact that it would be a first-ever 
cross-connection of two separate power 
grids is what may prevent it from happen¬ 
ing. There is concern that Con Ed may be 
apprehensive about another utility coming 
into its territory. 

As a counterproposal. Con Ed has offered 
to provide the Port Authority with access to 
another power network on the same New 
York grid for backup. This would avoid prob¬ 
lems from local blackouts, but would still 
risk vulnerability to a citywide blackout. 

But would not all backup plans except for 
battery power be useless if fire departments 
need to shut off all power in order to battle 
blazes in tall buildings? Steiner criticizes 
what he said is the “standard vray of fighting 
fire in New York City” in turning off the 
electricity once firefighters arrive. ‘Tm not a 
fireman,” he admitted, “but I can’t for the life 
of me understand why it’s necessary, in 
every instance, to turn all power off.” 

‘The most important lesson that can be 
learned from this,” said Steiner, “is that wher¬ 
ever there’s a fire extinguisher cabinet, 
there should probably be a rack of locked 
rechargeable flashlights and perhaps some 
cellular communication equipment so that 
people can get instructions as to what to do 
when the main system is down.” 

Steiner also contends that there should 
be differences in the fire-fighting strategies 
for a 30-meter-high building as opposed to 
one 300 meters high, but says the fire 
department makes no distinction. 

Captain Brian W. Dixon, director of public 
information for the Fire Department of the 
City of New York, when questioned on these 
issues by Spectrum, offered the following 
written reply: “We have a procedural manu¬ 
al for fighting fires in high-rise office build¬ 
ings, which we describe as buildings over 
100 feet [30 meters] in height. As to the spe¬ 
cific operational questions that you pose in 
regard to the World Trade Center explosion 
and fire, we are unable to provide you with 
the answers at this time due to the ongoing 


investigation of this event.” 

Security was another area of scrutiny— 
how can crucial systems be defended 
against a bomb? “Most people don’t have 
defense against bombs as a primary design 
criterion,” said Cooper. Added Steiner: 
“Buildings are designed to be safe for occu¬ 
pants during fire conditions, not to with¬ 
stand bombs.” 

According to Port Authority officials, 
their organization commissioned three stud¬ 
ies on the dangers of terrorism—in 1985, 
1990, and 1991 Those studies concluded that 
there was little danger of a terrorist attack 
on Port Authority facilities, and that the 
towers could withstand the explosion of a 
car bomb. 

Yet the reports also proposed several pre¬ 
cautions against critical destruction from a 
bomb and ensuring smooth evacuation. 
Battery-powered lighting in stairwells was 
one key proposal in the 1985 report. It was 
rejected, according to newspaper accounts, 
because of the expense and maintenance 
involved. Other recommendations included 
closing the underground garage, redistribut¬ 
ing facilities throughout the Trade Center, 
bringing in a redundant source of power 
from New Jersey, and moving backup gener¬ 
ators to a higher floor. 

Perhaps influenced by these reports, the 
Port Autoority has recently been laying the 
groundwork for extensive operating system 
renovations to its part of the World Trade 
Center. DiChiara, who is heading the efforts, 
admits that the bombing probably accelerat¬ 
ed the work. It may also have triggered 
reconsideration of previously rejected ideas. 

After the blast, the Port Authority rapidly 
installed 1600 battery-powered lights on ele¬ 
vators and stairwell landings. These lights 
will go on automatically should all main and 
backup power go down. In addition, phos¬ 
phorescent signs were added to elevators 
telling the car number and location of inter¬ 
coms, and also to stairwells to indicate re¬ 
entry points. Sk new satellite fire communi¬ 
cations centers will contain two-way RF 
radios, bullhoms, and flashlights. 

Distributing power and communications 
facilities could also help protect against 
effects of a bombing. Engineer Steiner is a 
big advocate of this approach so that “if one 
thing goes out, it should take out 10 floors 
from a building, not 100.” 

Before the blast, the power distribution 
system at the World Trade Center had the 
eight main feeders distributed into two ris¬ 
ers in each tower, explained Buchsbaum. 
Each riser used a four-transformer spot net¬ 
work in substations on various floors. With 
Tower One split into north and south and 
Tower Two into east and west, the two ris¬ 
ers had four rider feeders each; if two went 
out, the remaining two could carry the load. 

Now, two more feeders are being added. 
Each of the additions will back up a group of 
four main feeders, in case one of them is out 


for maintenance. The new feeders will be 
contained in a fifth riser. 

The current central fan-control system is 
also being changed. It will be divided into 
separate power zones. If power goes down 
in one zone, fans in other zones will still 
operate—and control from more than one 
location will be possible when a remote con¬ 
trol system is in place. 

Decentralization of communication facili¬ 
ties could be planned relatively easily. 
Cooper believes. He claims that statistics 
show that about 90 percent of telecommuni¬ 
cations problems are caused by power prob¬ 
lems, not by failures of communications 
equipment or media. 

To avoid the 10 percent of failures not 
due to loss of power. Cooper favors route, 
media, and vendor diversity for communica¬ 
tions channels and equipment. In case of 
power failures, he advises a local backup 
such as a portable uninterruptible power 
supply (UPS) or a UPS riser. The riser, 
said (?ooper, would follow the telecommuni¬ 
cation closets up the building and be provid¬ 
ed selectively for such devices as local- 
area-network concentrators, file servers, 
multiplexers, and optical-fiber terminals. 

As an immediate measure, the Port 
Authority has decentralized its fire commu¬ 
nications operations. Linked to the repaired 
operations control center are fire communi¬ 
cations centers in each of the towers’ lob¬ 
bies and skylobbies. Fire command centers 
will also be placed in two other areas around 
the towers and in Buildings 4 and 5. These 
centers, which combine the advantages of 
distribution, redundancy, and portability, can 
be supplied by main and bactop, as well as 
generator and battery power. 

In final design before the tragedy and 
now under construction is a facility that will 
feature remote control of elevators, fans, 
TV cameras, and other mechanical and elec¬ 
trical equipment. The agency may also add a 
completely redundant control center in a 
remote location. 

With engineers working around the clock 
for a month after the bombing, the Port 
Authority was able to restore all critical 
power and communication systems to both 
towers before April. The battery-powered 
lights, phosphorescent signs, and fire com¬ 
munications centers were also installed. 

Because fires were put out quickly, most 
equipment throughout the building vras left 
in good shape, and engineers could concen¬ 
trate on central systems and enhancements. 
The organization’s speed at fixing things 
won praise from local engineers like Steiner, 
who said the agency did “a fantastic job of 
putting systems back together.” 

Contributing Editor John F. King writes technical 
articles, computer documentation, and training 
materials on his PC in Aberdeen, N.J. 


COOHDINATOH: Linda Geppert 
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No-sweat measurement of 
interconnect parameters 

As semiconductor devices go on going up in 
speed, their packaging and interconnections 
impinge harder on signal fidelity. Pins, traces, 
and bonding wires, which once could be 
treated as zero-impedance nodes, must be 
modeled as the inductors, capacitors, and 
delay lines that they really are. The hard part, 
of course, is then measuring device perfor¬ 
mance and relating it back to the model. 

Taking much of the toil out of that job, the 
Tektronix IPA 310 Interconnect Parameter 
Analyzer uses time-domain reflectometry to 
capture a signature from the device under 
test, and then processes that information to 
display impedmce information directly. The 
analyzer’s software not only converts reflec¬ 
tion coefficients into impetoces, but it also 
corrects for the effects of multiple reflec¬ 
tions, thus providing a true imped^ce value 
for each of the sections of the distributed 
interconnect. 

Closing the gap between measurement 


and simulation, the IPA 310 can display the 
waveform predicted by a Spice simulation 
(generated by the on-board PSpice program) 
along with the measured waveform, making 
it easy to adjust the model to fit reality. 

The IPA 310 is priced at US $74 950. The 
system is based on a 11801A digital sampling 



The IPA 310 Interconnect Parameter Analyzer 
uses time-domain reflectometry to help engi¬ 
neers develop Spice models of packaging and 
interconnections from measured data. 


oscilloscope, and also includes an 80486- 
based computer, fixturing, and software. 
Contact: Tektronix Inc., Test and Measure¬ 
ment Group, Box 1520, Pittsfield, Mass. 
01202; 800-426-2200; fax, 503-690-3959; or 
circle 100. 


Chips for wireless communications 

What with cellular radio, wireless local-area 
networks, cordless telephones, personal 
communications devices, and the like, inter¬ 
est in wireless communications devices— 
especially if they are compact—is running 
very high indeed. Engineers with a need for 
information on integrated circuits for such 
applications will doubtless be interested in a 
new data handbook put together by Philips 
Semiconductors. 

The 963-page tome includes Reifica¬ 
tions, packaging, and ordering information on 
more than 150 ICs and chip sets, including 
amplifiers, compandors, FM I-F system 
chips, mixer/front ends, and firequency syn- 


Post Doctoral 
Fellowship 


(3 Year Fixed Term) 


A$36K - A$39K Salary + Superannuation 

Division of Applied Physics, National Measurement 
Laboratory, Lind/ield, Australia 

We wish to appoint severai Post Doctoral Feilows to 
participate in basic and appiied research aimed at underpinning 
and further developing Australia's physical standards of 
measurement. You will need a PhD degree or equivalent in 
physics, engineering or chemistry, either about to be awarded or 
awarded within the last two years. Applications will be welcome 
both from experimental and theoretical scientists. 

The Division of Applied Physics maintains the national 
standards of measurement for a very wide range of physical 
quantities in order to fulfil CSIRO’s obligations under the National 
Measurement Act 1960. Further details of these positions can be 
obtained by telephoning Dr. B.D. Inglis on (61 2) 413 7460 or 
Ms Glenda Sandars on (61 2) 413 7087. 

If you would like a copy of our selection criteria, please 
contact Mrs. Vivien Fellner on telephone (61 2) 413 7452 or 
fax (61 2) 413 7631. Applications should quote reference number 
AS93/2IEE and should include relevant personal particulars, 
including qualifications and experience. 

Please address your application to: The 
Chief, CSIRO Division of Applied 
Physics, PO Box 218, Lindfield, NSW 
2070 Australia. Closing date for 
applications: 4th June, 1993. 


!E SPECTRUM MAY 1993 


‘rsonal particulars, 

# 

CSIRO 


■standing, interpreting, and af 
science/engineering problem! 


DIGITAL HIGHER-ORDER SPECTRAL ANALYSIS 
An Application-Oriented Course 

By participating in this intensive course you will considerably reduce 
the time it takes you to utilize recent advances in higher-order spectral 
analysis in analyzing, interpreting and modelling signal characteristics 

Although higher-order spectra are 
plying these concepts to actu; 

MAJOR COURSE TOPICS 

• Bispectrum, Bicoberency, 

Bicorrelation 

• Quadratic Transfer Function 
. Quadratic System Cc ' 

. lYi-Spectra, lYi-Cohere 
. Phase-Sensitive Complex 

Demodulation 

SOME APPLICATION AREAS 
Nonlinear Vibration Analysis 
Nonlinear Ship Dynamic 
Biomedical Research 
Offshore Technology 
Communications 
Fluid Dynamics 
Oceanography 
Nonlinear Radar 


Austin, Texi 
r: Dr. Edward J. Pc 
June 29, 30, July 



, 1993 


For complete details, please contact 
Tel: (S12)-346-1451, Fax: (512)-340-829O 
INTEGRAL SIGNAL PROCESSING, INC. 
7719 Wood Hollow Drive, Suite 219, Austin, TX 78731 


Circle No. 38 
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thesizers. Also described is the Philips cellu¬ 
lar chip set —12 circuits that can be used to 
build a complete cellular radio. 

The Philips Semiconductors RFA\^eless 
Communications Data Handbook is available 
free of charge. Contact: in Europe, Jan- 
Willem Reiynaerts, Philips Semiconductors, 
Corporate Center, Building BAE4, 5600 
MD, Eindhoven, The Netherlands; (31+40) 
722 653; fax, (31+40) 723 085. In North 
America, Philips Semiconductors, Box 3409, 
Sunnyvale, Calif 94088-3409; 800-447- 
1500, ext. 3002; or circle 101. 


POWER AND ENERGY 


In search of efficiencv 

A recent survey found that a good many elec¬ 
tric utilities are interested in investing in 
companies with exemplary energy-efficiency 
products. Those poU^ were the clients of 
Barakat & Chamberlin, an international con¬ 
sulting firm that advises utilities and other 
energy-related companies. The firm has 
therefore instituted a search for such compa¬ 
nies to showcase to its more than 100 utility 
clients. Areas of interest include demand- 
side management, generation, transmission, 
and environmental conservation. 

Specifically, what the firm is looking for 
are business plans from emerging companies 
with patented or proprietary technologies for 
energy conservation. In adffition to introduc¬ 
ing selected companies to its utility clients, it 
intends to work with them on a consulting 
basis. Contact; Nancy Floyd, Principal, 
Barakat & Chamberlin Inc., 1800 Harrison 
St., 18th Floor, Oakland, Calif 94612; 510- 
893-7800; fax, 510-893-1321; or circle 102. 


EDUCATION 


Giorgi’s gift to metrology 

It is a sad fact that few of the engineers and 
engineering students who enjoy the benefits 
of Giovanni Giorgi’s work in metrology today 
have ever heard of him. Yet it was he who 
originated the meter-kilogram-second (MRS) 
system of measurements, which eliminated 
the incongruities and complications of the old 
electrostatic and electromagnetic systems. 
The system, which Giorgi originily de¬ 
scribed in 1901, was adopted by the Intema- 
tional Electrotechnical Commission in 1935 
and subsumed into the present International 
System of Units (SD in 1960. 

To celebrate Giorgi’s feat, and to honor the 
man, a meeting was held on Sept. 21-22,1988, 
at the Politecnico di Torino in Turin, Italy, 
where leading European and U.S. scientists 
lectured and commented on the details and 
significance of Giorgi’s work. Now the pro¬ 
ceedings of that meeting have been collated 


and edited by the Politecnico’s Professor 
Claudio Egidi, and have been published as a 
bound volume by the Politecnico in coopera¬ 
tion with the National Research Council of 
Italy (with an additional contribution from the 
Centro Studi e Laboratori Telecommuni- 
cazioni in Turin). 

The volume is now offered free of charge 
to IEEE members while the supply lasts. It 
contains the entire proceedings of the special 
meeting plus reproductions of many histori¬ 
cal documents, including Giorgi’s 1901 paper. 
Most of the contents are in both French and 
English, with some papers in Italian and En¬ 
glish. Contact: Professor Claudio Egidi, 
Dipartimento di Elettronica, Politecnico di 
Torino, Corso Duca degli Abruzzi 24,10129 
Turin, Italy; (39+11) 5644 000; fax, (39+11) 
56 U 099. 


Three-gay battery update 

What do cellular phones, palmtop computers, 
and electric cars have in common? They are 
all limited by their batteries. If the battery is 
too small, the unit will not run for a decent 
interval between charges. But batteries are 
heavy, so making them bigger can change a 
lightweight portable device into a clunker. 

What technologies are available today for 
changing this picture? And how might the 
picture change in the near future? These 
questions will be e3q)lored at a three-day 
course. Battery Technology for Electronic 
Products, to be given May 24-26 at the Uni¬ 
versity of Wisconsin-Maffison. 

The discussion will deal with energy densi¬ 
ties, life characteristics, and charger require¬ 
ments as applied to product design. It will 
also cover research and projections about the 
future growth of battery technology. The fee 
for the course is US $795. Contact: Harold 
Green, Department of Engineering Profes¬ 
sional Development, 432 N. Lake St, Madi¬ 
son, Wis. 53706; toll-free, 800-462-0876; or 
608-262-2068; or circle 103. 


INSTRUMENTATION 


Faithful maintenance 

The main problem with preventive mainte¬ 
nance is that it often is not done. Mainte¬ 
nance schedules have a tendency to slip as 
users either forget that servicing is due or 
decide to delay it because they are reluctant 
to give up their equipment for what they con¬ 
sider an unnecessary checkup. 

Designers, who know that regular mainte¬ 
nance is no luxury, can fight this human ten¬ 
dency with the Model 755 maintenance mon¬ 
itor—^an hour meter with a logic function 
that can be used to activate an annunciator, 
sound an alarm, or even lock out an equip¬ 
ment function when maintenance time 
comes around. 

Actually, the 755 has a pair of hour meters. 
One keeps a lifetime record of equipment 


use, while the other is resettable, and displays 
use time since the last servicing or time 
remaining until servicing is due. The unit also 
has two light-emitting diodes (LEDs): an 
amber one that lights when 91 percent of the 
specified service interval has elapsed; and a 
red LED that lights at 109 percent. The logic 
function is triggered with the red LED. 

Mounted in a 52-mm-diameter case, the 
755 lists for US $85; that price drops to 
$49.30 in hundreds. Delivery is from stock 
Contact; Curtis Instruments Inc., 200 Kisco 
Ave., Mount Kisco, NY. 10549; 914-666-2971; 
fax, 914-666-2188; or circle 105. 


DATA ACQUISITION 


Big book of products 

Hundreds of products—^both hardware and 
software—for computer-based data acquisi¬ 
tion are contained in the 1993 Data Acquisi¬ 
tion & Control Buyers’ Guide from Omega 



A variety of plug-in boards, software, PC 
instrumentation, signal conditioners, and 
communications equipment are among the 
items detailed in (Omega’s 1993 Data Acqui¬ 
sition & Control Buyers’ Guide. 

Engineering Inc. Among the featured prod¬ 
ucts are plug-in boards, software, counters, 
timers, PC instrumentation, communications 
gear, motion controllers, and signal condi¬ 
tioners. 

The catalog includes pricing data as well as 
detailed specifications and information on 
Omega’s free technical training and assis¬ 
tance. An Omegafax code, which appears 
with each product, allows users to receive 
detailed specification sheets directly on their 
fax machines. 

There is no charge for the catalog. Con¬ 
tact; Omega Engineering Inc., Box 4047, 
Stamford, Conn. 06907-4047; 203-359-1660; 
toll-free, 800-359-RUSH; fax. 203-359-7700. 
In Europe, Omega Engineering Ltd, Box 1, 
Broughton Astley, Leics. LE9 6XR, England; 
(44+455) 285 520; fax, (44+455) 283 912; or 
circle 104. 


COORDINATOR: MichaelJ. Riezenman 
CONSULTANT:PaulA.T. Wolfgang, Boeing 
Defense & Space Group 
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READER GUIDE TO PRODUCTS AND SERVICES 


IEEE 

LAN/MAN STANDARDS 
UPDATE 
SERVICE 


As networking topologies continue to advance to 
meet growing global communication demands, 
standardization of local-area networks/metropoli¬ 
tan-area networks (LAN/MAN) architectures and 
topologies has grown in the IEEE, the leading 
LAN/MAN standards developer. 

Implementing the most current, approved IEEE 
LAN/MAN standards Is critical. But many times. It’s 
difficult to learn exactly when a new LAN/MAI\I stan¬ 
dard has become available—or more importantly, 
how to get a copy. In response, the IEEE offers its 
LAN/MAN Standards Update Service. Enroll today, 
and you'll automatically receive one copy of each 
new IEEE LAN/MAN standard as soon as it's pub¬ 
lished—and at a 40 percent discount, invoiced with 
your shipment. 

Enjoy the ease and reliability of receiving the 
newest LAN/MAN standards as soon as they 
become available. Sign up today. Call Renee 
Owens at 908-562-5432. 

For more information, CIRCLE #81 on the Reader 
Service Card. 


AUTOTESTCON '93 
September 20-23,1993 
San Antonio Convention Center, Texas 
Theme: “Enhancing Mission 
Effectiveness” 

AUTOTESTCON '93 will address technology and 
systems engineering management issues for 


Topics for technical sessions are: 

Tec/rno/ogy—Enhancing the Mission 
Systems Engineering—Enhancmg Effectiveness 
Test Technology Applied—The True Effective¬ 
ness Test 

Management Strategies—Shap'mg the Future 
Sponsored by: 

The Institute of Electrical and Electronics Engi¬ 
neers 

IEEE Instrumentation and Measurement Society 
IEEE Aerospace Electronics Systems Society 
IEEE Central Texas Section 

PUNNOWTOAHEND! 

For a complete show and conference program, call, 
fax, or write today to: 

AUTOTESTCON '93 Program Committee 
Attention: Walter D. Downing 
Southwest Research Institute 
P. 0. Drawer 28510 
San Antonio, Texas 78228-0510 
Or CIRCLE #82 on the Reader Service Card. 


IEEE DRAFT 
STANDARDS 
SERVICE 

Standards information is critical to you and your 
organization in helping you stay on the cutting edge 
of technology. However, there are times when you 
may need this information before the published 
standard is available—for instance, to determine 


how an emerging technology may affect your prod¬ 
uct or service. 

To meet these information needs, IEEE Standards 
offers the IEEE Draft Standards Service. This unique 
service makes mature IEEE drafts available. These 
are documents that are either approved by the IEEE 
Standards Board and are awaiting publication or are 
under development but not yet approved. Most ver¬ 
sions of IEEE draft standards are available from the 
IEEE. 

To place your order, call IEEE Customer Service at 
800-678-IEEE in the United States and Canada; out¬ 
side North America, call 908-562-1393. Or fax us at 
908-981-9667. 

For more information, CIRCLE #83 on the Reader 
Service Card. 


1993 

IEEE U.S. MEMBERSHIP 
SALARY & FRINGE BENEFIT SURVEY 

Looking for a new job? See how your company 
compares for salaries and benefits with other 
employers in the United States. Based on a sample 
of the U.S. members of the IEEE, the world’s lead¬ 
ing technical society, the all-new 1993 IEEE U.S. 
MEMBERSHIP SALARY & FRINGE BENEFIT SUR¬ 
VEY provides you with the current information you 
need. 

A regression analysis is used to predict salaries by 
analyzing more than 50 individual variables, includ¬ 
ing primary areas of technical expertise, industry, 
and geographic location. You'll also get definitive 
information on salaries by level of education, job 
(Continued on overleaf) 


READER SERVICE (CIRCLE NUMBERS) 


READER FEEDBACK (CIRCLE NUMBERS) 


1 PRODUCT INFORMATION 


10 19 28 

2 11 20 29 38 

3 12 21 30 39 

4 13 22 31 40 

5 14 23 32 41 

6 15 24 33 42 

7 16 25 34 43 

8 17 26 35 44 

9 18 27 36 


55 64 73 82 91 100 109 118 127 136 145 154 163 172 

56 65 74 83 92 101 110 119 128 137 146 155 164 173 

57 66 75 84 93 102 111 120 129 138 147 156 165 174 

58 67 76 85 94 103 112 121 130 139 148 157 166 175 

41 50 59 68 77 86 95 104 113 122 131 140 149 158 167 176 

42 51 60 69 78 87 96 105 114 123 132 141 150 159 168 177 

43 52 61 70 79 88 97 106 115 124 133 142 151 160 169 178 

44 53 62 71 80 89 98 107 116 125 134 143 152 161 170 179 

45 54 63 72 81 90 99 108 117 126 135 144 153 162 171 180 


MEMBERSHIP INFORMATION 


300 Regular 301 Student 


Company— 
Address— 


—Business Phone — 


If this represents a change in address, please fill out form on p. 9 

3 ADDITIONAL COMMENTS 


2 EDITORIALMA^R 

Epidemiology of computer viruses 
The blue laser 

Profile: Richard W. Hamming 
Newslog 
EEs’tools & toys 
Program notes 
Faults & failures 
Technically speaking 
Engineer at large 


I would like:_ 

DELIVERY: I received this issue_(date). 

For faster delivery, fax this card to 413-637-4343 5 

Void after August 1, 1993 Void overseas September 1, 1993 


Did you find this material stimulating or thought-provoking? 















































READER GUIDE TO PRODUCTS AND SERVICES 


DISPLAY 

YOUR 

IEEE 

MEMBERSHIP 

PROUDLY! 

A variety of merchandise is avaiiabie to IEEE mem¬ 
bers and friends. The foilowing items were designed 
with the professionai in mind. Order today, for your¬ 
self or as a gift. 

Tie Tacs/Lapel Pins 

The IEEE member tie tac may aiso be worn as a lapel 
pin. The Member grade pin is set in gold on a light 
blue background and outlined in gold. Background 
colors vary with membership grade. Membership 
number must accompany order. Price: $18.00. 
(Student tie tac/iapel pin Is specially priced at 
$3.00.) 

IEEE Ties 

Choose from two distinctive colors: blue or bur¬ 
gundy, with contrasting stripes and a single IEEE 
logo at the bottom center. Price: $24.95. 

Ladies' Scarves 

Available in either blue or burgundy, the Ladies’ 
Scarf is dotted with IEEE logos in black on an ivory 
background. Price: $19.95. 

IEEE T-Shirts 

High-quality 100 percent combed cotton. Navy blue 
with gold logo. Price: $12.00. 

IEEE Carry-On Totebag 

Durable nylon totebag folds small, carries big! 
Adjustable, removable shoulder strap makes it a 
great carry-on. Folds out to 22 by 17 by 7 inches. 
Navy blue with white logo. Price: $25.00. 

For more information, CIRCLE #86 on the Reader 
Service Card. 


NO POSTAGE 
NECESSARY 
IF MAILED 
IN THE 

UNITED STATES 


BUSINESS REPLY MAIL 

FIRST CLASS MAIL PERMIT NO. 885, PITTSFIELD, MA 


POSTAGE WILL BE PAID BY ADDRESSEE 


SPECTRUM 

READER SERVICE MANAGEMENT DEPT 
PO BOX 5149 

PITTSFIELD MA 01203-9740 


function, and geographic area as well as particulars 
on pensions and retirement plans, insurance plans, 
401-k plans, and much more. 

As an IEEE member, 
order the new 
1993 U.S. MEMBERSHIP 
SAURY & FRINGE BENEFIT SURVEY 
and SAVE ALMOST 40 percent! 

IEEE MEMBER PRICE is $74.95 

(plus $5.00 handling and local sales tax where 

applicable). 

NONMEMBERS PAY $119.95 

(plus $8.00 handling and local sales tax where 

applicable). 

TO ORDER, CALL 1-800-678-IEEE 
with your credit card information 
and ask for product # UH0194-1. 

Or fax your order to 
IEEE CUSTOMER SERVICE: 
908-981-9667. 

For more information, CiRCLE #84 on the Reader 
Service Card. 


NEW iEE BOOKS 
Circuits and Systems Series 
Analogue-digitai ASICs: circuit techniques, 
design toois and appiications $94.00 

R. S. Spin, F. Malaberti, andJ. Franca (Eds.) 

This book comprises 18 chapters arranged in four 
sections: Processing Technology; Circuit Tech¬ 
niques and Building Blocks; Design Applications; 


and CAD Supporting Tools. 

431 pp., 229 X148 mm, casebound. 

ISBN 0 86341 259 9,1991, Circuits and Systems 
Series #3. 

Algorithmic and knowiedge-based 
CADforVLSi $72.00 

G. E. Taylor and G. Russell (Eds.) 

The fourth book in this acclaimed series again deliv¬ 
ers tutorial material following a major international 
meeting—in this case, the European Conference on 
Circuit Theory and Design. The book provides sam¬ 
ples of state-of-the-art computer-aided design 
(CAD) for very large-scale integration (VLSI), and 
covers new algorithms and applications from the 
artificial intelligence community. It will be of interest 
to all engineers concerned with the test and design 
of integrated circuits and systems. 

288 pp., 229 X148 mm, casebound. 

ISBN 0 86341 267 X, 1992, Circuits and Systems 
Series #4. 

1993 Publications and 
Information Services 
Catalog 

For the first time, INSPEC and the Institution of Elec¬ 
trical Engineers (IEE) combine their catalog. 

INSPEC publications and services, abstracts, jour¬ 
nals, on-line database, tape services, CD ROM, and 
lEEE/IEE Periodicals Ondisc (IPO) are featured along 
with the books, conference proceedings, profes¬ 
sional journals, and distance learning (video and 
CBT) materials of the IEE. 

To order, call 908-562-5553. 

For more information and our tree publications 
catalog, CIRCLE #85 on the Reader Service Card. 
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The engineer at lai^ e 


Russian medal goes to 
NOAA scientist 

The Lomonosov Medal, the highest civilian 
science award the Russian government can 
bestow on a noncitizen, has been awarded to 
Joseph 0. Fletcher, formerly of the U.S. 
National Oceanic and Atmospheric Adminis¬ 
tration (NOAA). As a senior scientist and sci¬ 
ence administrator there, he played a leading 
role fostering cooperative U.S.-Russian sci¬ 
entific research, especially in the Arctic, said 
Academician Nikolay R Laverov, former 
USSR vice premier for science and technol¬ 
ogy and now vice president of the Russian 
Academy of Sciences. 

In a ceremony at NOAA’s Environmental 
Research Laboratories in Boulder, Colo., 
which Fletcher headed until recently, 
Laverov stressed the U.S. scientist’s “enor¬ 
mous contribution to earth sciences.” He 
pointed out that Fletcher’s encouragement 
of joint cooperative science investigations 
extended through the Cold War years. As 
indicative of Fletcher’s interest in coopera¬ 
tive research, Laverov noted that more 
Russian scientists are engaged in more proj¬ 
ects at the Boulder laboratories than at any 
other site outside Russia. 

Fletcher, a meteorologist and physicist, 
retired from government service earlier this 
year. He is now senior research associate 
with the Cooperative Institute for Research 
in Environmental Sciences, jointly spon¬ 
sored by NOAA and the University of 
Colorado. 


Master materials builder honored 

For “originating the field of strained-layer 
superlattice electronics and optoelectronics” 
as well as inventing important new electronic 
and optical devices,” physicist (Jordon C. 
Osbourn of Sandia National Laboratories in 
Albuquerque, N.M., has been chosen to 
receive the American Physical Society’s 1993 
International Prize for New Materids. The 
award honors his theory and Sandia innova¬ 
tions that have already M to a variety of com¬ 
mercial semiconductor devices and that open 
up “almost infinite chemical combinations for 
designing new materials having special elec¬ 
trical and optical properties,” according to a 
statement released by Sandia. 

Osbourn made the first theoretical calcu¬ 
lations that predicted the unique electrical 
and optical properties of strained-layer 
superlattice (SLS) materials. This theory 
and the subsequent development of the 
technology by him and numerous Sandia col¬ 
leagues now enable researchers to tailor 


materials to have desirable optical and elec¬ 
tronic properties, such as semiconductor 
lasers and transistors for high-frequency, 
low-noise electronic amplifiers. 


Attracting women to engineering 

Like to encourage women to pursue careers 
in science and engineering? A recent report 
from the National Research Council, Wash¬ 
ington, D.C., compiles articles on interven¬ 
tion programs that strive to attract women to 
science and engineering and then help keep 
them on a career track. 

Such programs can help increase the 
numbers of women in the field, according to 
the report, “Science and engineering pro¬ 
grams: On target for Women?” The report 
is available for US $19 plus shipping from 
the National Academy Press; call 202-334- 
3313 or 1-800-624-6242. 


M/on to young Inventors 

An accelerometer, a portable rocket-launch 
pad, and an alarm that reacts to a pot boiling 
over were some of the battery-powered 
devices that won six high-school students top 
honors in the Eleventh Annual DuracelV 
National Science Teachers Association 
(NSTA) Scholarship Competition. The win¬ 
ners, along with their parents and science 
teachers, were guests of Duracell Inc. at an 
awards ceremony in Kansas City in April. 

The first-place scholarship of $10 000 was 
awarded to Aaran James Passey, of Bothell, 
Wash., for the accelerometer, which mea¬ 
sures and displays acceleration and changes 
in acceleration in real time. Powered by a 9- 
V battery, the device contains two analog 
peak detectors; light-emitting diodes (LEDs) 
display the output. Passey hopes to study 
physics next year at the California Institute 
of Technology in Pasadena. 

The five second-place winners each 
received scholarships worth $3000. James 
Richard Adams, a sophomore at Elkhorn 
High School, Elkhorn, Wis., designed and built 
a briefcase-sized launch base capable of 
launching up to four model rockets via 
remote control. 

Justin Phillip Chester, of Colorado Springs, 
Colo., invented the “car-jack jinx,” which 
allows a car’s ignition to be turned off while 
the vehicle is being driven away; the device 
separates the car’s ignition coil from its 
electrical ground. 

Timothy John Hess, a senior at Triad 
High School in Marine, El., invented an elec¬ 
tronic precision vise that is operated by 
pedal rather than handle, thereby allowing a 
machinist to hold two pieces of metal and 


tighten the vise at the same time. 

Edmund Forrest Loftus of Gainesville, 
Fla., received his scholarship for Stove- 
guard, a safety device that sounds an alarm 
and turns off the cooking surface when a pot 
of liquid boils over. It consists of two AA 
batteries, a sensing grid and circuit, and a 
turn-off module. 

Annette Elise Piepenhagen, a senior at 
Thomas Jefferson High School in Alexan¬ 
dria, Va., invented a learning aid she calls 
the katakana blackboard. The device shows 
the user how to draw 46 characters from 
katakana, the script the Japanese use for 
words of foreign origin. 


Datacom pioneers recognized 

Every year, the Electronics Frontier Found¬ 
ation bestows Pioneer Awards on those who 
have made influential and noteworthy contri¬ 
butions to the field of computer-based com¬ 
munications. This year’s recipients included 
four IEEE members involved in packet 
switching, TCP/IP, and Usenet. 

Paul Baran (LS), of Atherton, Calif., pio¬ 
neered the concept of packet switching, 
which made possible the efficient and simul¬ 
taneous transmission of many messages 
from many sources to many destinations 
over the same circuit. 

Vinton Cerf (F), of Reston, Va., was a 
leader of the research project that devel¬ 
oped the TCP/IP protocol suite, the open 
system interconnection protocol used to 
communicate over the Internet. He also par¬ 
ticipated in the development of Arpanet 
host protocols and led the engineering effort 
to develop MCI Mail. 

Tom Truscott (M), of Triangle Park, N.C., 
and James Ellis (M), of Burlington, Mass., 
together developed the software for Usenet, 
the distributed bulletin board system read by 
approximately two million people worldwide. 

The other Pioneer Award recipients were 
Ward Christensen, who wrote the original 
software for what came to be called 
Xmodem, and Dave Hughes, an outspoken 
evangelist for computer networking and 
electronic democracy who brought the 
municipal elected government of Colorado 
Springs, Colo., on-line. 

The Electronics Frontier Foundation is a 
nonprofit organization funded by individual 
and corporate contributions. Headquartered 
in Washington, D.C., it was founded in 1990 
to ensure that the principles embodied in 
the U.S. Constitution and the Bill of Rights 
are protected as new communications tech¬ 
nologies emerge. 


COORDINATOR: Alfred Rosenblatt 
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m THE AUSTRALIAN 

NATIONAL UNIVERSITY 


Optical Sciences Centre 

LIGHT GUIDING LIGHT 

Here is an exceptional opportunity for a talented research 
scientist, preferably with several years of experience, to join a 
dynamic team working at the forefront of new ideas in nonlinear 
guided wave optics, such as light guiding light via the interaction 
of spatial solitons. The Centre, part of the Research School of 
Physical Sciences and Engineering within the prestigious Institute 
of Advanced Studies, allows one to concentrate exclusively on 
research in an environment marvellously conducive to creating 
original ideas. Furthermore, it is a partner in the exciting new 
$A100 million Cooperative Research Centre recently announced by 
the Prime Minister of Australia for the purpose of linking academic 
excellence with the major telecommunications industries. 
Prospective candidates are requested to contact the Head of the 
Centre, Professor A. W. Snyder, FRS; Voice: 616 249 2626; Fax; 
616 249 5184, before expressing an interest in an appointment. 
Closing date; 31 May 1993. 

Ref: CSC 10.3.1 

Salary; within the range A$31,980 - A$48,688 p.a. 

Appointment: two years in the first instance, with the possibility of 
extension to five years. 

Expressions of interest should be submitted in duplicate to 

The Secretary 

The Australian National University 
Canberra ACT 0200 Australia 

quoting reference number and including curriculum vitae, list of 
publications and names of at least three referees. 

THE UNIVERSITY IS AN EQUAL OPPORTUNITY EMPLOYER 

Th« University's EEO Policy forms part of the selection documentation. 

The Universi^ has a no-smoking policy evfective in all University 



CHAIR OF 

ENGINEERING SCIENCE (1980) 

OEPARTMENT OF MICROELECTRONICS 
ANO ELECTRICAL ENGINEERING 

Applications are invited for appointment to the Chair of 
Engineering Science in the Department of Microelectronics & 
Electrical Engineering. This is the only established Chair in the 
Department and the successful applicant will be Head of 
Department for a minimum of three years. 

The Department of Microelectronics & Electrical Engineering, a 
department within the Faculty of Engineering & Systems Sciences, 
is very active in both undergraduate and postgraduate teaching and 
research. It has an excellent research record and is in receipt of 
considerable research funding. The Department has extensive 
industrial involvement, and it is expected that new laboratories and 
research facilities will be developed In the near future. 

Candidates should have an excellent teaching and research 
record and a proven ability to attract research funding. 
Management and leadership skills are essential. 

Particulars of the appointment, including details of salary and 
other benefits may be obtained from: 

Michael Gleeson, Secretary to the College, 

Trinity College, Dublin 2. 

Tei: 7021159. Fax:710037. 

to whom formal applications may be sent, preferably before 

31st May, 1993. 

Trinity Coilege is an equai opportunities empioyer 


Kernforschungszentrum Karlsruhe GmbH (KfK) 

Das KfK ist eine von der Bundesrepublik Deutschland und dem Land Baden-Wiirttemberg gemeinsam getragene, uberwiegend 
anwendungsorientierte GroBforschungseinrichtung mit etwa 3.700 Mitarbeitern, davon Ober 1.200 Wissenschaftler und Tech- 
niker. Es finanziert sich aus institutionellen Zuwendungen des Bundes und des Landes und eingeworbenen Drittmiteln. 
Forschungsschwerpunkte sind Umwelt-, Energie-, Mikrosystemtechnik und Grundlagenforschung. 

Im Vorstand des KfK ist die Position des 


Vorstandsmitglieds 

fiir den Bereich Neue Technologien, insbesondere Mikrosystemtechnik, und Grundlagenforschung wieder zu besetzen. Diese Auf- 
gaben verlangen eine Persbniichkeit aus dem Bereich der Angewandten Natur- und Ingenieurwissenschaften, die eine iiberzeu- 
gende wissenschaftliche Qualifikation besitzt und in verantwortlicher Position im Forschungsmanagement gearbeitet hat. Er- 
wiinscht sind Erfahrungen in der Zusammenarbeit von Wissenschaft und Industrie. 

Bitte senden Sie Ihre Bewerbung Oder Interessebekundung bis zum 31. Mai 1993 an den 

Vorsitzenden des Aufsichtsrats der Kernforschungszentrum Karlsruhe GmbH (KfK) 
c/o Bundesministerium fiir Forschung und Technologie 
Herrn Ministerialdirektor Dr. J. Rembser 
- personlich - 
Postfach 200706 
D-5300 Bonn 2 
Telefax+49-226-59 36 05 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


The following listings of interest to IEEE members have 
been placed by educational, goverment, and industrial 
organizations as well as by individuals seeking posi¬ 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga¬ 
zine, Classified Employment Opportunities Department, 
345 E. 47th St., New York, N.Y 10017. 
ADVERTISING RATES 

Positions open —$36.00 per line, not agency- 
commissionable 

Positions wanted— $36.00 per line, a 50% dis¬ 
count tor IEEE members who supply their member¬ 
ship numbers with advertising copy. 

All classified advertising copy must be received by 
the 25th of the month, two months preceding the date 
of issue. No telephone orders accepted. For further 
information call 212-705-7578. 

IEEE encourages employers to offer salaries that are 
competitive, but occasionally a saslary may be offered 
that is significantly below currently acceptable levels. 
In such cases the reader may wish to inquire of the 
employer whether extenuating circumstances apply. 


Acatfem/c positions open 


The EEE Dert. of the Hong Kong University of 
Science and Technoiogy invites applications for 
tenure-track faculty position at Lecturer, Senior 
Lecturer, Reader and Professor ranks. The 
department is in its 2nd year of operation and 
currently has 250 UG and 50 PG students. The 
department has 22 full-time faculty and is plan¬ 
ning to expand to 32 full-time faculty members 
this year. Areas of particular interests include 1C 
design, microelectronics, photonics, microsen- 
■—s, robotics, communications, information and 


demonstratable experience it. ..^ _ 

research. Salaries are competitive to the U.S. 
with generous benefits such as 6 weeks of paid 
annual leave, two weeks of short leave, housing 
subsidy and home passages, etc. for qualified 
candidates. For further information, please con¬ 
tact Professor Peter Cheung, Head, Dept, of 
Electrical and Electronic Engineering, HKUST, 
Clear Water Bay, Kowloon, Hong Kong. 


Stanford University, Department of Electrical 
Engineering - Faculty Opening. The Department 
of Electrical Engineering at Stanford University 
invites applications for a tenure-track faculty 
position in the field of high-speed circuits. Appli¬ 
cants should have an earned Ph.D., demon¬ 
strated research ability, and a strong interest in 
graduate and undergraduate teaching. The field 
of interest is broadly interpreted to mean the 
design of circuits employing novel and emerging 
mainstream semiconductor technologies to 
solve problems in high-speed electronic 
systems, with an emphasis on broadband com¬ 
munication systems such as those based on 
wireless and optical fiber transmission. Candi¬ 
dates should have a demonstrated interest and 
record of accomplishment in the design, fabrica¬ 
tion and testing of analog and digitalintegrated 
circuits at the transistor level. They should have 
a good knowledge of semiconductor integrated 
circuit technology, and it is essential that their 
research interests include a strong experimental 
component. They must also be interested in 
developing and teaching both undergraduate 
and graduate courses in electronic circuit design, 
with an emphasis on nonlinear analog circuits 
and circuits for high-speed communications. The 
appointment will be at the Assistant or Associate 
Professor level. Please send a complete re¬ 
sume, a publication list, and the names of at least 
five references to Professor Bruce Wooley, 
Search Chairman, Department of Electrical Engi¬ 


neering, CIS-206, Stanford University, Stanford, 
CA 94305-4070. Applications should be received 
by July 1, 1993. Stanford University is an equal 
opportunity/affirmative action employer and 
especially encourages applications from women 
and minority candidates. 

Chairperson, Electrical Engineering. The 

Department of Electrical Engineering at The 
Ohio State University is seeking nominations 
and applications for the position of Department 
Chairperson, effective sometime after July 1, 
1993. The position is for a tenured appointment 
at the rank of Professor in fhe Department of 
Electrical Engineering. The qualifications desired 
include a doctorate in electrical engineering or a 
closely related field; a strong commitment to all 
aspects of education at both the graduate and 
undergraduate levels; recognized stature in 
research, with a distinguished record of scholarly 
publications; involvement in professional society 
activities; demonstrated leadership and organ¬ 
izational abilities in either government service, 
industry, or academia; and a strong interest in 
enhancing the Department’s reputation. The 
Department consists of 43 faculty members, a 
research and support staff of 42, and over 700 
undergraduate and 270 graduate students. Tra¬ 
ditionally, there has been a strong emphasis on 
both effective teaching and outstanding re¬ 
search. External funding for the latter, which is in 
excess of $5.5 million annually, involves support 
in analog and digital VLSI circuits, computer 
engineering, control, electric power systems, 
electromagnetics, electro-optics, manufacturing 
and robotics, signal and image processing, and 
solid-state microelectronics. Commensurate 
with this level of research activity, the Depart¬ 
ment has impressive research and teaching 
laboratory facilities and extensive local computer 
resources enhanced by the Ohio Supercomputer 
Center, located on campus. Interested appli¬ 
cants should submit resumes, which include the 
names of at least three references, to Professor 
Umit Ozguner, Chairman, Search Committee, 
Department of Electrical Engineering, The Ohio 
State University, 2015 NeN Ave., Columbus, 
Ohio 43210-1272, (61^ 292-5940, csearch@ 
ee.eng.ohio-state.edu. The Ohio State Univer¬ 
sity is an Equal Opportunity/Affirmative Action 
Employer. Qualified women, minorities, Viet- 
nam-era veterans, disabled veterans, and indi¬ 
viduals with disabilities are encouraged to apply. 


other closely related disciplines in Computer 
Engineering. Please send a complete resume, a 
description of research and teaching interests 
and names of three references to Professor Stu¬ 
art Schwartz, Chairman, Dept, of EE, Princeton 
University, Princeton, NJ 08544. An Affirmative 
Action/Equal Opportunity Employer. 


The Johns Hopkins University School of Engi¬ 
neering seeks a Director tor the newly created 
Center for Speech Processing. The director will 
hold a tenured professorship in the School of 
Engineering. The center will add new computing 
facilities, as well as graduate student and post¬ 
doctoral support to existing speech research 
activities in the University. It will host visiting 
scholars, workshops, and the annual Speech 
Research Symposium. The director’s responsi¬ 
bilities will include center leadership as well as 
working closely with governmental and industrial 
partners to insure success and expansion of the 
interdisciplinary research and education activi¬ 
ties in the center. Candidates should be recog¬ 
nized authorities in an area of speech science 
and technology. Emphasis will be given to the 
quality and depth of a candidate’s academic 
expertise and leadership record. Nominations 
and applications (including CV’s, and the names, 
addresses and telephone numbers of three pro¬ 
fessional references) should be sent to Center 
for Speech Processing Search Committee, 105 
Barton Hall, G.W.C. VVniting School of Engineer¬ 
ing, The Johns Hopkins University, Baltimore, 
MD 21218. Applications will be accepted until 
May 15, 1993, or until the position is Tilled. The 
Johns Hopkins University is an Equal Opportu¬ 
nity/Affirmative Action Employer. 


Electrical Research Engineer - Will design and 
conduct experiments in holographic recording, 
optical and digital image reconstruction of sub¬ 
micron aerosol particTes, and light scattering 
using optical instrumentation for the study of the 
dynamics of submicron particles in filtration. 
Requires M.S. in Electrical Engineering with spe¬ 
cialization in optics and two years research expe¬ 
rience in applied optics and aerosol science. 
Established research background documented 
by publications in refereed journals and confer¬ 
ences. Five days, 37.5 hrs./week, $26,000/yr.. 
Send resume in duplicate to M. Johnson, NYS 
Department of Labor, 280 Main Streef, Buffalo, 
New York 14202, Job Order #0703954. 


University of Florida, Faculty Position in Elec¬ 
trical Engineering at the Graduate Engineering 
and Research Center at Eglin Air Force Base, 
le Department of Electrical Engineering invites 
)plications for a tenure-track position in the 


candidate. Possible areas of interest include, but 
are not limited to; holography, interferometry, 
optical communications, optical signal process¬ 
ing, optoelectronics and integrated optics. Famil¬ 
iarity with acoustooptic cells, spatial light modu¬ 
lators and especially high speed microwave cir¬ 
cuits would be especially useful. Applicants must 
possess a doctoral degree and show a strong 
record/commitment to graduate teaching and 
experimental research in electro-optics. The per¬ 
son selected must be able to qualify for a DOD 
secret security clearance. The position is avail¬ 
able starting in the summer of 1993. Resumes 
and the names and addresses of four references 
should be sent to Professor Ramu V. 
Ramaswamy, Chairman, Faculty Search and 
Screen Committee, Electrical Engineering 
Department, 216 Larsen Hall, University of 
Florida, Gainesvile, FL 32611 -2044, phone (904) 
392-9265, e-mail: Ramu@eng.ufl.edu. Applica¬ 
tion deadline is May 31,1993, The University of 
Florida is an equal opportunity/affirmative action 
employee and women and minorities are encour¬ 
aged to apply. According to Florida law, applica¬ 
tions and meetings regarding applications are 
open to the public upon request. 


Princeton University: The Department of Elec¬ 
trical Engineering invites applications for a full 
time, tenure-track, junior or senior faculty posi¬ 
tion. The areas of particular interest are Com¬ 
puter Architecture, Parallel Processing, and 


Head, Electrical and Computer Engineering. 

The Liniversity of Southwestern Louisiana invites 
nominations and applications for the position of 
Head. Screening will begin immediately and will 
continue until the position is filled. Qualifications 
include a Ph.D. in Electrical Engineering or 
equivalent, a demonstrated record in research, 
teaching, and administrative capability. The posi¬ 
tion is at the rank of Full Professor. Candidates 
must be U.S. citizens. The Department of Elec¬ 
trical and Computer Engineering is one of seven 
departments in the College of Engineering. The 
Department has 13 faculty and offers the Bache¬ 
lor of Science degree in Elecfrical Engineering 
and is the lead department in the interdisciplinary 
Master of Science in Telecommunications. The 
M.S. and Ph.D. in Comiputer Engineering are 
offered through the Center for Advanced Com¬ 
puter Studies. One focus of the Department is to 
extend the M.S, in Telecommunications to the 
Ph.D. level. The applicant should send a resume 
and names and telephone numbers for three ref¬ 
erences to: EECE Department Head Search 
Committee, USL P.O. Box 43890, Lafayette, LA 
70504. USL is an Equal Opportunity Employer. 

The CAD Center in the Department of Electrical 
and Computer Engineering at Carnegie Mellon 
University seeks candidates for the position of 
Assistant Director. The CAD Center is home to 
roughly ten ECE faculty and fifty ECE graduate 
students working together to design the next 
generation of electronic design automation 
(EDA) software for the synthesis, verification, 
and manufacture of complex integrated circuits 
and systems. Research in the Center is funded 
from a variety of sources, including the Semicon¬ 
ductor Research Corporation, Sematech, the 
National Science Foundation, and numerous 
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individual industrial sponsors. Responsibilities 
include: monitoring the day to day operations of 
the Center; managing the condition and evolu¬ 
tion of our workstation/network infrastructure; 
tracking sponsored research contracts; market¬ 
ing graduating students and Center-generated 
intellectual property to industry: serving as tech¬ 
nical liaison between the Center and our indus¬ 
trial sponsors, with particular emphasis on devis¬ 
ing and managing strategies for rapid technology 
transfer to industry. Candidates should possess 
at least an M.S. in Electrical or Computer Engi¬ 
neering. Industry experience in at least one of 
the fofowing areas is required: EDA software 
tool design or integration, integrated circuit 
design, test, packaging or manufacture. Candi¬ 
dates must also show evidence of success in 
managing the interactions between a technical 
R&D organization (commercial or university) and 
industrial sponsors and end-users of the new 
technology produced. Carnegie Mellon Univer¬ 
sity is an equal opportunity affirmative action 
employer and welcomes applications from 
women and minority groups. Send vita and 
names of references to Prof. Rob A. Rutenbar, 
Director, SRC-CMU CAD Center, Dept, of Eiec- 
trical and Computer Engineering, Carnegie Mel¬ 
lon University, 5000 Forbes Ave., Pittsburgh, PA 
15213. 

California State University, Los Angeies - 

Department of Electrical and Computer Engi¬ 
neering anticipates an opening for a full time 
temporary faculty member with experience and 
expertise in Computer Hardware and Architec¬ 
ture. Apply to Dr. Martin S. Roden, Chair, Electri- 


Equal Opportunity/Affirmative Action/Handi¬ 
capped/Title IX Employer. 

Head, Electrical and Computer Engineering: 

The University of Tennessee, Knoxville (UTK) 
invites applications and nominations; required 
qualifications include: (1) earned doctorate in 
electrical engineering, or in a related field with 
extensive electrical engineering experience; (2) 
eligibility for rank of Full Professor at UTK; (3) 
record of excellence in graduate and undergrad¬ 
uate teaching, research, and professional prac¬ 
tice in electrical engineering; (4) balanced per¬ 
spective on teaching and research, vision and 
commitment to planning, administrative ability, 
and strong interest in acting as an enabler of 
people; (5) ability to interact with a wide range of 
personalities and willingness to participate in all 
aspects of campus and community life that pro¬ 
mote the well-being of the department and the 
college; (6) willingness to commit time and 
energy to work with external constituents, includ¬ 
ing prospective students and their parents, 
alumni, employers, research sponsors, and 
potential donors; (7) satisfaction of oii''ir'iiit'' 
requirements for a Department r' 

clearance and/or Department .. - 

“Secret" clearance; and (8) understanding of and 
demonstrated commitment to equal employment 
opportunity and affirmative action. Applications 
and nominations should be sent to the Search 
Committee chair: Dr. John W. Prados, Chair, 
ECE Department Head Search, 419 Dougherty 
Engineering Building, The University of Ten¬ 
nessee, Knoxville, TN 37996-2200. Interested 
individuals should submit a resume and letter of 
interest detailing the applicant’s specific talents 
and experience as related to this position, date 
and conditions of availability, and the full names, 
addresses, and telephone numbers of five refer¬ 
ences. Applications are not returnable. Review of 
applications will begin on or about 1 June 1993 
and will continue until the position is filled. UTK is 
an EEO/AA/Title IX Section 504/ADA Employer. 


institute in communication systems located 
Sophia-Antipolis (south of France) is seeking an 
applicant for a position at the Assistant Professor 
level. The candidate will join the Mobile Commu¬ 
nication Department. He must hold a Ph.D. 
degree and have demonstrated potential for 
teaching and research. Preference will be given 
to candidates with research experience in the 


area of digital mobile communication techniques, 
systems or applications. Institut Eurecom was 
founded in 1991 by the Swiss Federal Institute of 
Technology in Lausanne (EPFL) and the Ecole 
Nationale Superieure des Telecommunications 
(ENST) in Paris. It has 9 professors with interna¬ 
tional backgrounds. Lectures are given either in 
French or English. Please send your curriculum 
vitae, 3 references and a statement of research 
interests before the end of June to Antoine Perry, 
General Manager, Institut Eurecom, CICA, 2229 


Computer Science and Engineering. Northern 
Arizona University, Department of Computer 
Science & Engineering is seeking applications 
tor a tenure track assistant professor beginning 
Fall 1993. Applicants must have a Ph.D. in Com¬ 
puter Science, Computer Engineering, Electrical 
Engineering, or associated field. Candidate must 
have experience in digital design, systems 
design, networking and embedded microcon¬ 
trollers. The position will remain open until filled; 
however, the Screening Committee will begin 
reviewing applications as they are received. 
Direct inquiries and applications to Dr. Lanny 
Mullens, Chair, Department of Computer Sci- 


Arizona University is a committed Equal Oppor¬ 
tunity/Affirmative Action Institution. Minorities, 
Veterans, Women and Persons with Disabilities 
are encouraged to apply. 

Research Associate/Post-Doctoral Fellow. 

Division of Pulmonary Medicine seeks qualified 
applicants for a Post-Doctoral Research Fellow 
position. Strong background in signal process¬ 
ing/time series analysis and computer skills nec¬ 
essary. Ph.D. required. Biomedical or cio'-t’-i'-’i 

'sioF 

salary up fo $35,65iD plus benefits'depending on 
qualifications and experience. Funding guaran¬ 
teed for 3 years. Send resume and 3 letters of 
to Frederick J. Curley, M.D., Pul- 


Research Assistant Professor. University of 
Arizona seeks a Research Assistant Professor 
(non-tenure-eligible position) qualified to assume 
major responsibility for all software, hardware, 
and image reconstruction aspects of a program 
to develop novel medical imaging (SPECT) sys¬ 
tems based on modular scintillation cameras and 
coded apertures, and to ready the system for 
clinical trials. Required: Experience with/under¬ 
standing of scintillation detectors, scintillation 
cameras, SPECT< UNIX and C. Desirable: Two 
years of postdoctoral experience including 
nuclear medicine instrumentation design, VME- 
based and parallel computers, tomographic/3-D 
reconstruction, and clinical studies. Special U of 
A research strengths include medical imaging, 
optical sciences, and neurosciences. Postdocs 
will be considered. Salary commensurate with 
experience. Submit CV and 3 supporting letters 
to: Dennis D. Patton, MD, Division of Nuclear 
Medicine, University Medical Center, Tucson, AZ 
85724, Tel. 602-626-7709, Fax 602-694-2412. 
Application deadline: June 1. The University of 
Arizona is an Equal Opportunity/Affirmative 
Action Employer. 


..ic year---- 

date will be expected to provide 0.5 FTE in exter¬ 
nal research funding. Applicants must have 
earned a Ph.D., have outstanding academic cre¬ 
dentials, strong research interests, and an ability 
to teach effectively at both the undergraduate 
and graduate levels. Industrial experience is also 
desired. The selected candidate will be encour¬ 
aged to initiate and carry out funded research 
with existing research groups in the areas of 
computer, power, or microwave engineering. 


and about 300 students a._, 

Ph.D. levels. All qualified individuals are encour¬ 
aged to apply. Send resume to: Dr. Dwight 
Egbert Search Committee Chair, Electrical Engi¬ 
neering Dept,/260, University of Nevada, Reno, 
Nevada 8§557-0153. Phone: 702-784-6952, 
Fax: 702-784-6627. Deadline is June 1, 1993 or 
until filled. The University of Nevada is an 
EEO/AA employer. 


Government/Industry Positions Open 


RF Design Engii 

company is seeki..„ -----_ 

development team. Candidate must have a 
strong RF background in design and layout. 
Must oe familiar with programing GALS, F’ALS 
and PROMS. J-Deck file exp,. Proficient with 
logic analyzers, machine language. CAD, math 
CAD. A background in CATV converter design 
and development would be a plus. Send resume 
with two references to: Everquest Inc., Engineer¬ 
ing Div., 875 South 72nd St., Omaha, NE 68114. 

Electrical Engineer - Design hi-speed CMOS 
ICs. Req. PhD EE and 6 mos. exp. as electrical 
engr. or research assistant incl. 400 mhz. 
designs and knowledge of Mentor, GDT, LSIM 
and IhSPICE. Job Location: Los Angeles, CA. 
Salary: $70,000/yr. Send this ad and your 
resume to JOBrfTC11972 P.O. Box 269065, 
Sacramento, CA 95826-9065 no later than May 
31, 1993. 


Development Engineer for Southwestern Ohio 
manufacturer/seller of machine tools, plastics 
processirig machinery and industrial products. 
Duties: Conduct research and development 
activities related to the engineering, manufactur¬ 
ing, and testing of electromechanical motion 
devices (drives, controls); application of brush¬ 
less DC motor drive and control technology to 
variable speed products, such as plastics pro¬ 
cessing machines; evaluate the applicability and 
functionality of brushless DC motor technology; 
develop applications of brushless DC motor dri¬ 
ves and controls to manufactured products: pro¬ 
vide electromechanical engineering specifica¬ 
tions for various variable speed applications of 
brushless DC motor drives and controls; estab¬ 
lish design standards and tolerances; establish 
methods, procedures, and conditions for testing 
brushless DC motor drive and control applica¬ 
tions to ensure conformance with functional 
specifications and customer requirements. 
Duties are based at a S.W. Ohio facility of 
employer but also will be regularly performed (on 
average, about 20% of the workweek) at another 
S.W. Ohio facility of employer, approximately 30 
miles away. Minimum education requirements: 
Master's in Electrical Engineering. Education 
must have included at the graduate level a mini¬ 
mum of 6 (semester) credit hours in electro¬ 
mechanical motion devices course work. (Equiv¬ 
alent quarter hours are acceptable.) Minimum 
experience requirements: One year’s experi¬ 
ence in the above described job duties, or one 
year’s electrical engineer experience responsi¬ 
ble for the design and development of brushless 
DC motor drive and control technology for vari¬ 
able speed applications. Acceptable in lieu of the 
required experience is a completed graduate 
thesis or project concerning the design and 
development of brushless DC motor drive and 
control technology for variable speed applica¬ 
tions. Basic hours, 42.5 per week, 8 am - 5 pm, 
Mon. - Fri. $38,805 salary/year. Must have proof 
of legal authority to work indefinitely in U.S. Qual¬ 
ified applicants send resume in duplicate (no 
calls) immediately to J. Davies, Job Order No. 
1230897, Ohio Bureau of Employment Services, 
P.O. Box 1618, Columbus, OH 43216. 


Electrical Engineer needed for company 
located in West-Central Ohio. Job duties include 
research and study of existing antennas; devel¬ 
opment of new antennas; development of soft¬ 
wares for analysis and design of antennas; and 
establishment of antenna measurement system. 
Applicant must have a Ph.D. in Electrical Engi¬ 
neering. Applicant must also have the following: 
1 yr research exp in the fields of antenna design, 
antenna optimization or antenna synthesis to 
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have been gained before, during or after degree; 
a minimum of 2 publications in antenna design, 
antenna optimization, or antenna synthesis; 
must have a specialized graduate study in the 
field of antennas evidenced by minimum of 8 of 
the following courses related to: Microwave Cir¬ 
cuits, Electromagnetic Fields, Antenna Radia¬ 
tion, Electromagnetic Radiation Antenna Theory, 
Microwave Optics, Radar Systems, Space Com¬ 
munications, Digital Signal Processing, Commu¬ 
nications Theory, or Communications Systems, 
Must present proof of legal authority to work per¬ 
manently in the U.S. 40 hrs per wk, 9:00am to 
5:00pm, Mon through Fri $44,039.84 per yr. All 
resumes should be submitted in duplicate (no 
calls) to: J. Davies, JO# 1367287, Ohio Bureau 
of Employment Services, P.O. Box 1618, Colum¬ 
bus, OH 43216. 

Engineer, Sr. Member of Technical Staff. Devlp 
state-of-the-art Anaig Integrtd Circuit perfor¬ 
mance driven automtc placment sftwr. Knwidg of 
perfrmance driven Analog placment sftwr, 
knwidg of & able to use circuit simlation prgrms 
such as SPICE for sensitivity aniysis & optimza- 
tion. Knwidg of CAD framwrk basd develpmnt for 
CAD tools such as OCT, CFI & DFII. Able to 
prgrm i/UNIX, C, C++, & either LISP or Smalltalk 
on SUN w/k. Jobsite: San Jose, CA. Ph.D. i/EE, 
CS or equiv. Entry Levi. $60,000/yr. 40hrs./wk. 
Clip ad & submit w/resume to: IEEE Spectrum, 
Box 5-1, 345 E. 47th St., N.Y., N.Y. 10017 no 
later than May 10,1993. 

Telecom Engineer with Project Management 
experience, familiar with VSATs, radios, PBXs 
and microwave, to manage international team of 
engineers. Preference to diplomatic person with 


Engineer, Senior Component Design; Conduct 
VLSI microprocessor & component design; per¬ 
form behavioral & structural design of functional 
blocks for memory execution pipes of high-per¬ 
formance microprocessors; conduct logic & cir¬ 
cuit design of functional blocks; perform microar¬ 
chitecture, circuit & logic design validation; con¬ 
duct silicon debug & validation of microprocessor 
memory subsystems. Ph.D. in Electrical and/or 
Computer Engineering, Academic project/ 
research background in: CMOS VLSI circuit & 
logic design, simulation, layout, validation & 
debug; VLSI CAD tools, including SPICE; high- 
performance computer architectures & design 
techniques, including multiple instructions per 
cycle computers, superscalar microprocessors, 
pipelined architectures, parallel architectures, 
memory hierarchy & cache design; Register 
Transfer Logic (RTL) model for high integration 
processor implementation; software develop¬ 
ment for VLSI design; C & UNIX. $4,600/mo.; 40 
hrs./wk. Place of employment and interview: 
Beaverton, OR, If offered employment, must 
show legal right to work. Send this ad and your 
resume to: Job Order #5550454, 875 Union 
Street, N.E., Room #201, Salem OR 97311. The 
company is an equal opportunity employer and 
fully supports affirmative action practices. 

Lead Engineer to direct design/development/ 
implementation/integration/testing of high freq. 
modem in HF Data Link Network Project; de¬ 
sign/implement data comm, protocol. Design 
adv. modulation/demodulation techniques; de¬ 
velop models to simulate/test algorithms: ana¬ 
lyze/develop signal processing algorithms; 
define firmware architecture; code software/f 
irmware. Must have: Ph.D. (or proof of elig.) in 
Elec Eng, major in Digital Signal Processing or 
Comm. Theory; 2 yrs commercial/academic 
work exper. specifically designing comm, sys¬ 
tems & implementing/integrating systems using 
C & Ti TMS320 assemblylang. on microproces¬ 
sor-based hardware platform. Exper. must incl. 
work in Adaptive Digital Signal Processing/Sig- 
DeJection/Estimation/Erro£ Correcting 


Olympia, WA 98507-9046. 


Power Quality Engineer. An established, na¬ 
tional manufacturer of electrical equipment in the 
power quality field seeks an electrical engineer to 
head its design/applications department. Candi¬ 
dates shouliJ have experience in design and 
manufacture of electrical equipment plus a famil¬ 


iarity with the analysis and issues specific to 
power quality including transients, sags, systems 
harmonics, RFI and EMI. Familiarity with drives 
is a plus. The recent high growth rate of the com¬ 
pany requires an independent engineer who 
wants the freedom to set his/her own agenda. EE 
required; MSEE a plus. Furnish salary history 
with resume to: IEEE Spectrum, Box 5-2, 345 E. 
47th St., N.Y., N.Y. 10017. 


Dir. Lamp Engg: East Coast lamp mfgr. 
($30mm annual sales). Req. BSEE or equiv. 
*'h. 5 years exp. lamp engg. Responsible for 


X 5-3, 345 E. 47th St., N.Y., N.Y 


Technical Manager - Geothermal Power Plant. 
Oversee all corporate & staff activities related to 
geothermal reservoir engineering & geoscience, 
geothermal engineering, electrical engineering & 
process analysis. Monitor reservoir & plant to 
ensure optimal performance. Respond to upsets 
at all contract facilities. Provide tech support & 
analysis for new business development. Prepare 
bid documents & assist in negotiations with: util¬ 
ities; financial institutions; & equity partners. 
Requires: B.S. in Elect, or Power Eng. & 8 yrs. 
experience in job offered or 8 years exp. in 
design, development & maintenance of power 
plants. Demonstrated expertise in: substation & 
high voltage transmission design; geothermal 
reservoir analysis; well logging & interpretation; 
financial analysis & contract negotiations for 
power plant design & management; use of 
TOUGFl numericarsimulator & computer-based 
database systems; management of technical 
eng. staff. Must have legal right to work perma¬ 
nently in U.S. Job site Reno, NV. 40+hr/wk. 
Salary: $82,000/yr. Please submit resume and a 
copy of this ad to: S. Bauder, NV. Employment 
Security Dept., 70 W. Taylor St., Reno, NV. 

89509-1700. Refer to # 924093" "- 

accepted no later than 5/25/93. 


Scientist/Computational Scientist, Ames Lab¬ 
oratory. The Ames Laboratory is seeking a com¬ 
putational scientist to conduct research within 
the Applied Mathematical Sciences Program. 
The incumbent is required to have a demon¬ 
strated expertise in computer performance 
analysis. The incumbent will be expected to con¬ 
duct research projects in conjunction with other 
staff members, postdocs and students. Minimum 
quaiifications include a Ph.D. in an area of com¬ 
putational science. Experience must include use 
of parallel computer systems and supercomputer 
computation research. Work experience in an 
industrial setting is preferred. Competitive salary 
and benefits. Send cover letter, resume, plus the 
names and addresses of three references to: 
Ames Laboratory Personnel Office, 127 Sped- 
ding Hall, Iowa State University, Ames, Iowa 
50011. Application deadline of June 15,1993, or 
until filled. An equal opportunity/affirmative 
action employer. 


Software Designer: Design and maintain com¬ 
puter-aided-design and drafting for the Apple 
Macintosh and IBM (or clone) series of comput¬ 
ers. Improve existing software systems as well 
as maintain existing software. Must be proficient 
in Apple 68000XX Assembly language. Must be 
familiar with Unix environments. Must have proof 
of legal authority to work in the U.S. Salary 
$38,500/yr for 40 hour work week. Masters 
Degree in Computer Science required. Submit 
resume and letter of application to Oklahoma 
State Ernployment Service, 219 NE First Street, 
Pryor, OK 74361 (ID #4900) Job Order 
#039527). 


Magnetics Engineering Speciaiist. Engineer 
must have ability to provide technical leadership 
and analytical assistance to designers of mag¬ 
netics for power electronics, work with designers 
on the implementation of advanced magnetics 
designs, and work independently to develop 
improved analytical tools and a magnetic materi¬ 
als database. Requires 10 years in magnetics 
materials and power electronics design including 
electromagnetic field theory and high frequency 
circuit and finite element modeling in the 100 
KHz to 2GHz range; a demonstrated track record 
of accomplishment including published articles, 
patents and successful commercial implementa¬ 
tions of leading edge technologies; and a techni¬ 


cal Bachelor’s Degree. Advanced study in fields 
applicable to magnetics design for power elec¬ 
tronics preferred. ELDEC Corporation is a $100 
million manufacturer of electronic components 
for aerospace. We are an Equal Opportun- 

g " r/Affirmative Action Employer. Send resume to 
avid Neils, ELDEC Corp., P.O. Box 100, Lyn¬ 
nwood, WA 98046. 

Semiconductor manufacturer seeking DRAM 
Designer with strong Solid-State Device back¬ 
ground. Will lead development of silicon carbide 
semiconductor memories. Requires thorough 
knowledge of device physics as well as DRAM 
cell and peripheral circuitry design. Experience 
with both MOS and bipolar design and advanced 
degree desired. EOE. Qualified candidates 
should send resume to: Human Resources 
Department, Cree Research, Inc., 2810 Meridian 
Parkway, #176, Durham, NC 27713. 

Applications sought for industrial research sci¬ 
entist position. Need creative self starting person 
with experience in electronic device design. 
Knowledge of HTS & their electronic applications 


Dovernment/lndustrv Positions Wanted 


Math M.S. 25 years R&D, pubs guid waves sys 
seeks 2-4 mo pos Num Meth-coding Mac- 
syma/HT Basic PC486 (602)574-2516. 


M.S. EE seeking ASiC design position. 3+ yrs. 
working exp. comprehensive knowl. & hands-on 
exp. in mixed-mode ASIC design. Proficient in 
Hspice, verilog. Cadence. Reply: P.O. Box 677, 
College Station, TX 77841-0677. 


ISSA/NSA 

POLY 


USE YOUR “TICKETS” 

FOR FASTER CAREER GROWTH 

Put our 27+ years experience plac¬ 
ing technical professionals to work 
for you. All fees paid. Nationwide 
opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (301) 231 -9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALLACH 

Washington Science Center 
6101 Executive Boulevard 
Box 6016 

Rockville, Maryland 20849-6016 
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PROFESSIONAL CONSULTING SERVICES 


ADVERTISING RATES 

12 ltisertlons-$3M0 1 insettion-$320 

50% discount to IEEE members on three or more Insertions. 

If you sre an IEEE member, please enclose your membership number 

Copy cannot exceed 1 -inch in depth. No product may be offered for sale, 
Advertisinp restricted to professional engineering and consulting services. 

No orders can be accepted by telephone, order and copy must be 

For any further information and closing dales please contact 
Advertising Production, 212-705-7578 


International Compliance Corporation 
Design, Test, & Consulting 

• FCC CertificationA/erification 
•VDE,CISPR, VCCI (Japan) 

• "1992” European Compliance Testing 

• Product Safety: UL, CSA, lEC, VDE 

• Electrostatic Discharge (ESD) 

• MIL-STD 461/462, NARTE-Certified Engineers 

1911 E. Jeter Rd (817) 491-3696 

Argyle, TX 76226-9401 Fax: (817) 491 -3699 


CONSULTING & PROTOTYPES 

ELECTRIC MOTORS 

BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 

MAGNA PHYSICS JAMES R. HENDERSON 

too Homestead Ave. TEL: 513-393-9835 

HILLSBORO, OH 45133 FAX: 513-393-9836 




THE CONSULTING GROUP 

Consulting, Contract R&D, and Prototyping 

Integrated, Fiber, and Guided-Wave Optics 
• Applications Engineering 
• Design, Fabrication and Evaluation 
• Critical Analysis of Technology 
• Troubleshooting 
• Marketing 

President ' ' 10482 Chisholm Ave. 

(408) 446-9812 Cupertino, CA 95014 

DAVID NEWMAN & ASSOCIATES PC 

PATENT AND TRIAL LAWYERS 

Multi-Disciplined Engineers with P.E./Ph.D. 

• Microwave, RF, Fiber-Optic Systems Design 

• Osciilators, Ampiifiers, Fiiters, Antennas, 
Synthesizer/PLL Design, Microprocessor, 

Communication ckts. industriai Power System, 

R&D, Prototyping & Testing in our Lab faciiities. 

119-40 Metropolitan Am., Ste. A2, Kew Gardens, NY 11415 

Ph. (718) 846-5400 Fax (718) 848-2440 

PhD, Elect Engr, JD 

PATENT, COPYRIGHT AND 

COMPLEX TECHNOLOGY RELATED CASES 

PROSECUTION • LITIGATION 

TEL 301 934-6100 FAX 301 934-5782 






RAINES ELECTROMAGNETICS 
Consulting Since 1972 

• Antennas and Arrays 

• Scattering and Radar Cross Sections 
• Radhaz & Environmentai impact 

• Simulations of Fieids & Phenomena 

Jeremy K. Raines, Ph.D. (MIT), P.E. 

13420 Cleveland Drive (301) 279-2972 

Potomac. Marvland 20850-3603 


y TC/'lf 1 DEAN ST./BDX 151 

1 ~ 1 CUriTM HUDSDN, MASS. 

VOICE:(508) 562 5820 FAX:(508) 558 1219 
RF(TD2GHz),ANALDG,VIDED, 

FIBER DPTICS, PLL'S, SYNTHESIZERS, 
FILTERS, A/D CDNVERSIDN 

THE MDSTTIMELY, CDST EFFECTIVE, 

AND HIGHEST PERFDRMANCE SDLUTIDN. 


Richard W. Brounley, P.E. 

RF ENGINEERING CONSULTANT 

Specializing in the design of solid state 

RF transmitters and associated circuits 
• Complete RF laboratory facilities • 

• Prototype Development • Pilot production runs • 

• Production follow-up • 

7381 114Ave.N., Unit 410 

Largo, FL 34643 
(813)546-9371 




CONTROL SYSTEM CONSULTING 

•Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

• Electrical, mechanical, hydraulic 

• Defense, aerospace, industrial experience 

30 East Gate Road A.R. Hazelton 

Danbury, Conn. 06811 (203) 743-7002 

SOFTWARE ENGINEERING 

• Software Process Assessment 

• Transition to Object-Oriented 

• Methods and CASE Training 

• Technology Transfer Services 

• Out-Sourcing Services 

Carl A. Arglla, Ph.D., Inc. 

SOFWARE ENGINEERING CONSULTANT 
800-347-6903 

STEVEN J. CROWLEY, P.E. 

Consnlting Engineer 

• Communications and Information 

• Product and Service Devlopment 

• Spectrum Planning and RF Design 

• FCC Engineering Support 

• Strategic and Competitive Assessment 

1133 15th St„ N.W., Suite 1200 Washington, D.C. 20005 
Telephone (202) 223-1101 Fax (202) 383-2906 






IRAJ. PITEL, Ph.D. 

Consulting, Research and Development 
in Power Electronics and Magnetics 

Power Supplies, Inverters, Converters, Motor 
Drives, Lighting Controls, Industrial Controls, 
Transformers, and Special Magnetics. 

MAGNA-POWER ELECTRONICS, INC. 

135 Route 10 Whippany, NJ 07981 
(201)428-1197 


Patent Attorney 

Robert E. Malm, Ph.D. (M.I.T.) 

Attorney At Law 

Post Office Box 522 

Pacific Palisades, CA 90272 

Tel: (310) 459-8728 

Fax: (310)573-1781 


ELECTRIC MACHINERY ASSOCIATES 
Consulting on Large Motor/Generator Design 

• Standby Power Generators 

• Cogeneration Site Installation 

• Variable Speed Thyristor Drives 

• Electric Vehicle Conversions 

• ANSI/NEMA Standards Qualifications 

3110 William Pitt Way 

Pittsburgh, PA 15238 Telephone: (412) 826-3660 






Design for FCC and European EMI Specs 

Specializing in board-level digital design techniques. 
Lab/test capabilities and EMI simulationlanalysis, 
transmission-line, and Gerber file software. Training, 
design reviews, and designiretrofit consulting. 
NARTE certified engineers. 

TKC . The Keenan Corporation (813)544-2594 

The Keenan Building 8609 66th St. North 

PInellae Park. Florida 34666 R. Kenneth Keenan, Ph.O. 


O.E.M. Electronic Products 

• 13 Year Product Development History 

• Custom, RFIDigital ASICs • RF Systems 

• Computerized Instrumentation 

• Spread Spectrum Communications 

• Hitachi Authorized Design Center 


SPREAD SPECTRUM 

Communications Systems Engineering, Inc. 

• Specializing in Spread Spectrum systems. 

• FCC Part 15 apps, direct sequence or hopping. 

• Low cost, alignment free implementations, DSP. 

• Complete RF and digital laboratory facilities. 

1004 Amherst Avenue Phone: (310) 820-3825 

L.A., CA 90049 Fax: (310) 820-6761 

1 LOCUS, Inc. 1 

1842 Hoffman St.. Madison, WI 53704 
608/244-0500 FAX 608/244-0528 | 




LEONARD R. KAHN, P.E. 

Consultant In Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversity Reception - Stereophonic Systems 
Modulation Systems 

Registered Patent Agent 

222 Westbury Ave. 

Carle Place, NY 11514 

516-222-2221 

1 INDUSTRIAL CONTROLS | 

ASICs, FPGAs, and 
Systems Design 
...in MEXICO 

• Highly Competitive Prices 
• Design for Testability 

We design for world-wide known computer 
and printer manufacturers 

PT (011 -52-3) 684-1580 
^ Fax: (011-52-3)684-1708 

CUSTOM MICROPROCESSOR CONTROLS 

• Machine Tool Controls • Consumer Product Design 

• Medical Electronics • Prototype Production 

• Neural Networks • Control Software 

T T Wintriss Engineering Corporation 
^^4715 Viewridge, San Diego 92123 
f f(800) 733-8089 Vic Wintriss, MSEE 
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Princeton Electro-Technology, Inc. 

MAGNETIC CIRCUIT 
DESIGN & PROTOTYPE DEVELOPMENT 

MOTORS, ACTUATORS, SENSORS & MAGNETS 

Peter Campbell, Ph.D., M.A., President 

2449 Patricia Avenue Tel: (310) 287-0375 

Los Angeles, CA 90064 Fax; (310) 287-0378 


• DC & AC motors (fractional & multi H.P.) • 
Computer modelling (F.E.A.) • Prototyping and test¬ 
ing • Technical seminars • Motion control • Magnetic 
devices • Magnet charging • Soienoids • Actuators • 
CONSULTING 

Services since 1987 

GEORGE P. GOGUE, Ph.D. 

9775 S.W. Rodeo Place, Beaverton, Oregon 97005 

Phone: (503) 524-9144 Fax:(503) 524-4558 


McGlew & Tuttle, P.C. 

PATCNT, TRADEMARK, COPYRIGHT LAW SINCE I960 

FEDERALUTIGATION 

TEL; 914 941 5600 

FAX: 914 941 5855 




SIGNAL INTEGRITY 

• Crosstalk 

• Transmission Lines 

• Interconnect Delay 

• Field Solving 

Integrity Engineering, Inc. 

St. Paul Minnesota, (612) 636-6913 

Email: Iboh@intgrty.mn.org 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 

MAGNA PHYSICS JAMES R. HENDERSHOT 

100 Homestead Ave. TEL: 513-393-9835 

HILLSBORO, OH 45133 FAX: 513-393-9836 


POWER ELECTRONICS CONSULTING, ANALYSIS, 
DESIGN, SYSTEM INTEGRATION, PROTOTYPING 
Controls, Supplies, Inverters, Cenverters, 

Motor Drives, Power Factor Correction, 

Active Filters, Utility Interconnection 

R. S. Schneider, MSEE (414) 642-5184 

2810 Thomas Drive East Troy, Wl 53120 




MCA Technologies 
“The Analog circuit people” 

We are specialists in Analog CMOS BI-CMOS 
Bipolar Circuit and technology. 

SIG-DEL A/D, DAC, PLL, Autoz AMP, Etc. 

For info-pack call Tel/fax 408 243 7215 


CREATIVE ENGINEERING 

• Digital Signal Processing Consulting/Contract R&D 

• Real-Time DSP Custom Code/Design 

• Signal and Speech Processing Software Design 

• Education/Training Services, Seminar Development 
Creative Engineering 

3 Canada Square East, Unit 229 

Wheaton, IL 60187 

Tel: (708)- 972-1514 Fax: (708) 783-9712 


DSP Consulting 

Algorithm, S/W, Hardware Design 
Systems' analysis. System integration 
Real-time, Adaptive Systems 

Audio, Instrumentation, Control 
Butterfly Signal Processing Consultants 

131 BloorSt. W#200-154, Toronto, Ontario MSS 1R8 
TEL 416 929-5754 « FAX 416 929-5744 
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EDITORIAL CORRESPONDENCE. IEEE Spectrum, 345 
East 47th St., New York, N.Y. 10017, Attn: Editorial Dept. 
Responsibility for the substance of articles published rests upwi 
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Scanning 

The Institute _ 

Rising incomes stay 
ahead of infiation 

The IEEE’s 1993 salary survey shows that 
the purchasing power of members working 
full time has risen slightly since the last bien¬ 
nial survey conducted in 199L The median 
income from the engineers’ primary area of 
technical competence rose to US $61 061 
from $58 000 in 1991. 

The survey also showed that involuntary 
unemployment reached 2.7 percent in 1993. 
The previous high was L7 percent in 1975. 

Some 6640 members responded to this 
latest U.S. Membership and Fringe Benefit 
Survey, conducted on behalf of lEEE-U.S. 
Activities by Westat Inc., Rockville, Md. The 
survey was sent to 20 979 randomly select¬ 
ed U.S. members. 

The survey report, available May 15, sells 
to members for $74.95, to nonmembers for 
$119.95, plus tax, postage, and handling. 
Contact the IEEE ^rvice Center, 445 Hoes 
Lane, Box 1331, Piscataway, N.J. 08855-1331; 
1-800-678-IEEE. 

Style file on e-mail 

The IEEE’s publishing staff has developed a 
sp^ial style file, called “lEEEtran. sty”, 
which is available to any prospective author 
who e-mails a request to “help ©epiee.org”. 

When submitting electronic manuscripts 
in TeX or LATeX, remember to: 

• Include all macros (referred to as /deO 
needed to produce a document. 

• RememW that IEEE transactions style 
dictates a 21-pica (3.5-inch) column width. 
Mathematical expressions produced with 
this in mind look more attractive. 

Boartl meeting almost paperless 

The IEEE Board of Directors met for the 
first time this year on March 2 in Chicago. It 
was an almost paperless affair. All agenda 
items were contained on a 3 1/2-inch disk¬ 
ette instead of on sheets of paper in weighty 
binders. The agenda itself was available on a 
sheet of paper for reference. 

Some 40 attendees Mowed the proceed¬ 
ings on 25-MHz, 386-based laptops with an 
80-megabyte hard drive, a diskette drive, 
and a fax modem. With nickel cadmium bat¬ 
teries, the units weighed about 4 kg. 

Being considered for the future; network¬ 
ing laptops, and using groupware for activi¬ 
ties like brainstorming, and decision-making 
discussions. 

Sections Congress '93 

Chapter and Section leaders should be 
preparing to attend the triennial Sections 
Congress, the Institute’s only meeting of lo¬ 
cal volunteers from all 10 IEEE regions. The 


meeting, under the banner “Empowering I 
Sections to Serve Members,” takes place I 
July 1-4 in San Juan, Puerto Rico. 

For additional information, members should 
contact Susan Sacks, Coordinator, Sections 
Congress ’93, IEEE Field Services, Box 1331, 
445 Hoes Lane, Piscataway, N.J. 08855-133L 
908-562-5512; fa^ 908463-3657; e-mail, “s.sacks 
@ieee .org”; Telex, 833233. 


Coming 

in Spectrum 


NONSTOP COMMUNICATIONS. New wireless 
services allowing universal access to the tele 
phone, as well as data communications and 
networking, are on the drawing boards of 
leading vendors and communications planners 
worldwide. Decisions over frequency ^location 
and system architectures have to be made, as 
well as how best to avoid interference. 


ADVERTISING SALES OFFICES 



Tokyo, Japan-German Tajiii, 

IMI Corp., Saito Lend Bidg., 13-5, Ginza 3- 
Tokyo 104. (03) 3546-2231. TELEX: J23449 (IMI TOKYO) 


Administrative Assistant; Christine Oemchak 


NEURAL NETWORK USES. Inspired by research 
on the human brain, these data classification 
and pattern recognition systems often cap¬ 
ture subtle relationships that defy mathe¬ 
matical or other formulation. Applications 
are emerging fast. 

WHDL-PANACEA OR HYPE? In its fifth update, 
this standard hardware description language 
for very high-speed ICs should provide a uni¬ 
versal means for describing electronic cir¬ 
cuits worldwide. But still missing is a model¬ 
ing standard. 

CELLULAR PHONES AND CANCER. Despite the 
media frenzy, there is no evidence that radia¬ 
tion from cellular phones causes health prob¬ 
lems. The Food and Drug Administration 
sees no reason to regulate the devices, and 
the IEEE has no plans to change its C95.1 
standard. Nevertheless, manufacturers are 
striving to minimize power output (a good 
thing because it extends battery life), and 
more studies are under way. 

EARTH WOES. The production of goods for 
human consumption always depletes natural 
resources, uses energy, and creates pollu¬ 
tants. These problems will only worsen as 
China, India, and South America approach the 
West’s level of industrialization. What can 
IEEE members do about it? A good first step 
might be to assist in defining the problems. 

MICRO ENERGY STORAGE. After years of r^ 
search into multimegawatthour storage for 
utilities, smaller superconducting magnetic- 
energy storage systems are becoming avail¬ 
able to provide backup power for such critical 
industrial processes as semiconductor chip 
testing. Early implementations look promising. 


ADVERTISERS INDEX 


Circle numbers on the Reader Service Card, 
opposite page 86, that correspond to the ad¬ 
vertisers listed below. ’Advertiser in North 
American edition. ’’Advertiser in North 
American Exact edition. 


RS# Advertiser _ 

61 ’Analog Devices 

55 ’ARD 

10 BBN Systems & Technologies 

60 ’Beige Bag Software 

6 Bimillennium 

9 Boeing 


32 

59 

3 

26 

25 

30 

63 

35 

56 

12 

52 

38 

5 


31 

29 

40-42 

50 

53 

36 


13 

27 

34 

58 

57 

21 
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’Dalanoo Spry 
’David Sarnoff 
*DGS Associates 
DSP Development 
"Electroswitch 
■’Electroswitch 
•Elek Tek 
’ESL Inc. 

"Field Precision 
'GL Communications 
’IEEE-USAT=rofessional 
Prospective 
’Imaging Technology 
Integral Signal Processing 
Integrated Systems 
"Intelligent Instrumentation 
Intusott 
Macsyma 
Mathworks 
"MIT/CAES 
Microsim 
"Microsoft 

’National Instruments 

"NCOSE 

NEC 

Prosig 

"Research Systems 
’Salary & Fringe Benefit Sunrey 
Seabury & Smith Insurance 
"Stat Sci 

’Superconductor Technology 
’Systems Engineering Associates 
’TAL Enterprises 
’Tab Books 

’University of Massachusetts 
’Vector Fields 
’Z-World Engineering 
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Theory by Maxwell. 
Solutions by Ansoft 

Ansoft's Maxwell® CAE software uses 
electromagnetic simulation to predict 
product performance from physical 
design information. 

Our products provide valuable design 
insight, save prototyping dollars, shorten 
design cycles, and ensure both reliability 
and peace-of-mind. 

And they just got even better. 

Introducing Maxwell 2D for 
the Microsoft^ Windows" 
Operating System 

The Maxwell 2D Simulator now runs 
under Microsoft Windows 3.1, the 
standard for PC graphic interfaces. 

And yes, it is Windows NT ready! 

The panel and icon-driven interface* 
raises the standard for easy-to-use 
electromagnetic design software. 

We've added integrated adaptive analysis 
push-button solutions optimized for your 
models. Quite simply, no other system - 
FEM or BEM - will get you productive 
faster. Period. 

You also get an AutoCAD interface. 
Expanded documentation. And a built-in 
upgrade path to our 3D simulators and 
electronic design products. 

Best of all, our new pricing makes 
electromagnetic simulation more 
affordable than ever. 


Join the hundreds of engineers that 
already use Maxwell! For an information 
or demonstration package, or to talk with 
an applications engineer, call Ansoft 
today-(412) 261-3200 X201. 


* OSF/MOTIF interface on UNIX platforms 


A 

/NSOFT 


Ansoft Corporation 
Four Station Square 
Suite 660 

Pittsburgh PA 15219 USA 


TEL (412) 261-3200 
FAX (412) 471-9427 
lnternet:lnfo®ansoft.com 
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KNOW V- NO 

CODE ** CODE 


WRITE (OTCD1,9991) 

9991 FORMAT (46H SPECIFY CHEBYSHEV 
RIPPLE IN DB (F14.7) AND/OR, 

*24H TRANSITION WIDTH(F14.7) 

READ (INCOD,9993) DOLOG, DF 
DP = 10.0“(-DPLOG/20.0) 

CALL CHEBC(NF, DP, DF, N, XO, XN) 

70 IEO = MOD(NF,2) 

IF (lEO.EQ.Q .OR. JTYPE.EQ.1 .OR 
JTYPE.EQ.3) GO TO 80 
WRITE (OTCD1,9990) 

FORMAT(48H NF MUST BE ODD INTEGER 


n_row = 16 
o_row = 512 
n_col = 8 

WtSum_R = make_array(n_col, n_row, /float) 
WtSum_l = make_array{n_col, n_row) 

FOR 1=0, n_row-1 DO BEGIN 
FOR n=0, n_col-1 DO BEGIN 
FORj=Oo_row-1 DO BEGIN 
temp = 0 + 1*32 MOD 512) 

WtSum_R(n,i) = WtSum_R(n,i)+float(fft_array{n,te 
WtSum_l(n,i) = WtSum_l(n,l)+float(fft_array(n,temp) 
ENDFOR 


nslg=length(angles); 

j=sqrt(-1): 

if nsig ~= length(snrs), error{‘check lengths’);end 

ce_slgs=0; 

rd=rand{‘dlst’): 

rand(‘normar) 

ampl=exp(log(10)*snrs/ 

v=steer(nel,d,angles); 

v=v*diag(ampl); 

if ce_sigs sigs=expO*100*rand{nsig,looks)); 

sigs=(rand(nsig,looks)+j*rand(nsig,looks))/sqrt(2); 

end 

noise=(rand(nel,looks)+j*rand(nel,looks))/sqrt(2); 



With a click of 
the mouse, access 
hundreds of func¬ 
tions for data 
acquisition, data 
analysis, mathe¬ 
matics, statistics, 
FFT analysis, 
and scientific 
visualization. 


Through respon¬ 
sive menus and 
dialogue boxes, 
work with 
multiple data 
series, tables, 
or matrices to 
perform complex 
tasks. 


View your data 
as a line graph, 
a scatter plot, 
a bar chart 
through a range 
of 2D, 3D, and 4D 
plots. Comparing 
different views 
of your data 
couldn’t be easier. 


KNOW 

CODE 


OR DADiSP 


T he choice is yours. You can either write tedious 
code or you can use DADiSP. DADiSP makes 
scientific data analysis and visualization easier 
than ever. With point and click menus, you can 
collect, display, and analyze your data in much 
less time than using other software products 
or writing your own. 

DADiSP’s worksheet is simple yet power¬ 
ful, and provides hundreds of functions for 
vibration analysis, medical research, 
signal processing, laboratory automation, 

& test measurement. 


Join the thousands of scientists and engineers 
who use DADiSP in automotive, aerospace, 
communications, manufacturing, medical, mechani¬ 
cal, and chemical industries. 

With DADiSP, you can spend your time doing 
what you do best, your work. 

CALL 1-800-777-5151 

for a free DADiSP Trial Kit 
for your workstation or PC. 
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